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Thesis abstract
Title: Investigating the synergistic bioactive effects of fruit, vegetable and protein combinations
in a market-ready food product for young adults
Author: J. Eivers, F. O’ Halloran and A.L. McCarthy
Diets high in fruits and vegetables (FV), are widely recommended for their health-promoting
properties. A low intake of FV among young adults, is associated with the risk of developing
chronic diseases such as cardiovascular disease (CVD), hypertension, osteoporosis, obesity, type
2 diabetes, dental caries, hypercholesterolemia and certain cancers in later life. According to the
World Health Organisation (WHO), despite an increasing awareness of the health benefits of FV,
consumption by young adult’s remains below the recommended intake of 400g per day. This
project aims to develop innovative, FV products for young adults with demonstrated bioactivity
and high nutrient density.
Initially, individual FV were screened for their potential antioxidant, antidiabetic and
anticariogenic activity in vitro. As limited evidence exists on the interactions occurring between
FV when combined, FV combinations were also assayed to identify synergistic or antagonistic
effects. A range of antioxidant assays were carried out; DPPH radical scavenging activity, total
phenolic content (TPC) and ferric reducing antioxidant power (FRAP). Antidiabetic potential was
determined using α-amylase inhibition assay and antimicrobial activity against Streptococcus
mutans was used to screen for anticariogenic activity.
Blueberry, red pepper and sweet potato exhibited greatest TPC of all FV, and 75% of FV had a
radical scavenging activity of > 90%. Red pepper and sweet potato displayed the greatest FRAP.
Red grape possessed low bioactivity, while sweet potato was the FV with consistently high
bioactivity across antioxidant and antidiabetic assays. Combining FV with low bioactivity
resulted in synergistic interactions in DPPH radical scavenging and α-amylase inhibition. An
antimicrobial effect was not observed in either individual or combined FV.
Following screening of FV and combinations thereof, blueberry, strawberry and red pepper
purees, were selected as a base for FV formulations. Additional ingredients including apple juice
concentrate, protein hydrolysates, oats and fibre were added to further improve bioactivity
and/or permit nutrition claims. Initially, 9 recipes were produced and analysed, which were then
re-formulated to optimise bioactivity, sensory and nutritional attributes. In a total of 5
formulation trials (generating 33 beverages) were conducted, with the final trial being produced
at pilot scale (5 beverages).
Pilot-scale beverages were examined post-processing for their bioactivity, vitamin C content and
techno-functional properties (colour, viscosity, sedimentation, volatile analysis). Results allowed
recommendation of an optimum beverage recipe with market potential. This recipe contained
blueberry, strawberry, red pepper and carrot puree, and was selected as it had highest vitamin
C content, displayed high antioxidant and antidiabetic potential and retained favourable technofunctional properties following processing and storage.
In conclusion, a range of beverages containing FV purees and beneficial ingredients were
optimised and analysed for their bioactivity, nutritional profile and techno-functional properties.
An optimum beverage recipe was selected as a potential FV product for market, which could
contribute to increasing FV consumption among young adults.
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Literature Review

Bioactivity and acceptability of whole fruits and vegetables (FV) and FV
products
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Introduction
A diet rich in fruit and vegetables (FV) is widely recommended due to the many health promoting
properties they possess (WHO, 2019). According to the World Health Organisation (WHO) a
variety of FV equating to 400g, or at least five portions, should be consumed daily by adults to
improve overall health (WHO, 2018a). Despite these recommendations it has been shown that
almost three-quarters (73%) of the Irish population aged 14 years and over eat less than the
recommended dietary allowance (RDA) (Healthy Ireland Survey, 2016). A low intake of FV in
young adults not only impacts their current health status, but can also increase their risk of
developing type 2 diabetes, obesity and cardiovascular diseases in later years (Everitt et al.
2006). The consumption of FV has been associated with reduced risk of many noncommunicable diseases, including cardiovascular disease (CVD), cancer and type 2 diabetes
(WHO, 2018b). In particular, the intake of FV is strongly associated with lower CVD risk factors,
including lower blood pressure, cholesterol and triacylglycerol levels (Adebawo et al. 2006). It
has also been suggested that FV can help in the prevention of osteoporosis in adults, by
providing the essential calcium and vitamins that promote bone health (Park et al. 2011). FV
contain essential micronutrients, phytochemicals and dietary fibre (Slavin & Lloyd, 2012), with
the phytochemical component attracting particular attention due to their natural antioxidant
properties (Kaur & Kapoor, 2001). For example, fruits such as berries, pomegranate and grapes,
which contain high amounts of antioxidant compounds such as anthocyanins, flavonols and
procyanidins, are effective at decreasing risk of CVD (Habauzit & Morand, 2012). Studies also
report that FV phytochemicals have potential as anti-obesity agents as they can suppress
adipose tissue growth (Castejon & Casado, 2011 and Slavin & Lloyd, 2012). FV are recognized for
their fibre content also (Dhingra et al. 2012). Fruit fibre is a relatively small component of the
total fibre consumed in populations eating a Western dietary pattern (16%) however 30-40%
dietary fibre may come from vegetables (Dhingra et al. 2012). The potential health benefits of
fibre sourced from FV may include protecting colonic gastrointestinal health i.e. irritable bowel
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syndrome, constipation, diverticular disease; promoting long-term weight management and
reducing cardiovascular disease (Dreher, 2018).
While many individual FV phytochemicals have been associated with health benefits in isolation,
the intake of whole FV is considered more beneficial than any individual constituent alone
(Rodriguez-Casado, 2016). In agreement with this, Liu (2013), stated that consumers should
obtain nutrients, antioxidants, bioactive compounds and phytochemicals from a balanced diet
with a wide variety of whole FV for optimal nutrition, health and well-being, rather than the
individual compounds or dietary supplements. The benefits of whole FV are attributed to the
synergy between the array of bioactive compounds and the other nutrients contained in whole
foods (Liu, 2013). Synergy, or food synergy, occurs when the action of the food matrix on human
biological systems is greater than the corresponding actions of the individual food components
(Jacobs et al. 2009). An additive effect can also occur, which is defined as when the effect of the
combination of food components is estimated by the sum of the effects of the individual
components (Hertzberg & MacDonell, 2002). Conversely, an antagonistic interaction occurs
when the sum of the combined effects is less than that of the individual components (Wang et
al. 2011).
Studies have reported on the combined effects of FV and FV components namely
phytochemicals. A diet of combined tomato and broccoli (10% - 10% combination), for 22 weeks
was found to decrease the weight of tumours in male Copenhagen rats. The combination of
tomato and broccoli was more effective at slowing tumour growth than either tomato or
broccoli alone, which supports the public health recommendations to increase the intake of a
variety of plant components (Canene-Adams et al. 2007). Combined phytochemicals not only
result in synergistic antioxidant and anticarcinogenic effects, but can also contribute to
antidiabetic activity. A supplemented diet of quercetin (0.2%) and resveratrol (0.2%) for 26
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weeks was found to improve serum and hepatic total cholesterol, insulin and fasting blood
glucose in C57/6J mice (Zhou et al. 2012), hence promoting the consumption of a mixture of FV.
Currently there is an increasing demand from consumers for functional foods and beverages
(Ogundele et al. 2016), mainly due to the increasing knowledge and awareness of health among
consumers in developed countries. Functional foods consist of both natural and processed foods
that contain biologically active compounds and are effective in providing health benefits for the
prevention, management and treatment of chronic disease (Wilson et al. 2017 and Williamson,
2009). Functional beverages, in particular, have been described as the most favourable
functional food category due to their convenience and bioactive compounds content (Corbo et
al. 2014).
This literature review will detail the importance of whole FV and review the data that supports
the synergistic or antagonistic interactions that occur when FV are combined. In particular the
antioxidant, antidiabetic and anticariogenic potential of whole FV will be reviewed; previous
reviews have focused on the benefits of individual FV components. Additionally, acceptability
of whole FV and functional foods among young adults will be discussed, and strategies to
increase FV in a novel and practical way will be explored.
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1.2. Fruit and vegetable bioactivity
FV possess antioxidant (Zhang et al. 2015), antidiabetic (Firdous, 2014) and anticariogenic (Barad
et al. 2014) activities. The potential of FV to prevent disease is largely attributed to their
phytochemical

content

(Rodriguez-Casado, 2016);

specifically,

saponins,

flavonoids,

isothiocyanates and carotenoids (Asif, 2014).

1.2.1. Antioxidant properties
An antioxidant can be defined as any substance that can effectively delay or inhibit oxidation of
a substrate (Halliwell, 2006). An excess of oxidants, or free radicals, in the body can give rise to
oxidative stress, which is a harmful process that negatively affects cellular structures such as
proteins, lipids, membranes and deoxyribonucleic acid (DNA) (Pizzino et al. 2017). Therefore,
the intake of dietary antioxidants is vital to prevent oxidative stress and associated diseases such
as cancer and CVD (Oter et al. 2012; Mendelsohn & Larrick, 2014 and Wilson et al. 2017). Natural
antioxidants such as polyphenols, carotenoids and vitamins are of interest to the food industry,
as synthetic antioxidants have restricted use in many countries due to their potential toxic
effects during long-term intake (Taghvaei & Jafari, 2015 and Tiveron, 2012). These toxic effects
can include lung damage, associated with the synthetic antioxidant butylhydroxytoluene (BHT)
(Kahl & Kappus, 1993), and carcinogenicity linked to butylhydroxyanisole (BHA) (Taghvaei &
Jafari, 2015). Efforts have been made to reduce the use of synthetic antioxidants in foods,
however it is notable that these adverse effects are observed at high concentrations and longterm use (Taghvaei & Jafari, 2015).
Huang et al. (2012), investigated the antioxidant capacity and phenolic composition of
blueberry, blackberry and strawberry fruits using the DPPH radical scavenging activity, total
phenolic content (TPC) and total antioxidant capacity (TAC) assays. Blueberry exhibited both the
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highest DPPH radical scavenging activity (14.98±0.49 mmol Trolox/100 gDW) and TPC (9.44±0.22
mg gallic acid/gDW), followed by blackberry (11.48±1.32 mmol Trolox/100 gDW and 5.58±0.18 mg
gallic acid/gDW, respectively) (Table 1.1). Anthocyanins have been suggested as major
contributors to antioxidant activity in these fruits, accounting for about 84% of their total
antioxidant capacity (Borges et al. 2010).
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Table 1.1 Biological activities of fruits and vegetables
Bioactivity
Fruit/Vegetable
Attributable component
Antioxidant
Strawberry
Pelargonidin-3- glucoside
Raspberry
Cyanidin-3- sophoroside
Red plum
Cyanidin-3-glucoside
Orange
Hesperidin
Apple
5´-Caffeoylquinic acid
Lettuce
Quercetin conjugates
Broccoli
Hydroxycinnamate conjugates
Tomato
Chalconaringenin
Spinach
Flavonol conjugates
Pepper (red bell) extract Not specified
Carrot extract
Spinach extract
Mushroom extract
Cucumber extract
Beet extract
Blackberry extract
Pineapple extract
Raspberry extract
Antidiabetic

Ginger

Rhizomes

Assay
TPC , ORAC,
FRAP, DPPH,
TEAC

Key Points
All FV exhibited antioxidant activity in all
assays
Strawberry exhibited greatest antioxidant
activity in TPC, TEAC and FRAP assays
Red plum displayed highest ORAC activity
Raspberry demonstrated greatest DPPH
activity

Reference
Apak et al. (2007)

FRAP, TEAC, TRAP

All FV exhibited antioxidant activity in all
assays
Among fruit, blackberry and raspberry were
found to have highest antioxidant activity
Among vegetables, spinach and pepper had
the highest antioxidant capacity in TEAC and
FRAP assays

Pellegrini et al. (2003)

Hypoglycaemic
effect in diabetic
induced rats

Decreased fasting blood glucose levels in STZ
treated Type 1 diabetic rats

Rahmani et al. (2014)

Possessed hypoglycaemic properties

Ojewole (2006)

Raw and cooked ginger extracts lowered
blood glucose in high fat diet- induced
diabetic rats

Adeniyi & Sanusi (2014)

Evaluation of
blood glucose
concentrations

Hypoglycaemic
effect in diabetic
induced rats
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Citrus Limetta (sweet
lemon) fruit peel
Allium cepa (onion)
extract

Anticariogenic

Hesperidin and naringenin
Glibenclamide

Broccoli extract

Not specified

Plum
Blueberry
White skin sweet
potato

Not specified

Garlic extract
Garlic with lime
Ginger (Zingiber
officinale)
Cranberries

Allicin

Caiapo

Not specified
Nondialyzable material

Effect on glucose
tolerance in rats
Hypoglycaemic
effect in diabetic
induced rabbits

Raw ginger was as effective as Metformin
Both compounds identified as potent
hypoglycaemic agents
Allium cepa reduced blood glucose levels by
53.3% (100mg kg-1) and 73.3% (300mg kg-1)

Kundusen et al. (2011)
Ogunmodede et al. (2012)

Effect on glucose
tolerance in rats

A dose of 300mg/kg proved most effective in
reducing blood glucose levels

Ozougwu (2011)

Effect on glucose
tolerance in rats
α-glucosidase
inhibition activity
Oral glucose
tolerance test
and frequently
sampled
intravenous
glucose tolerance
test

Blood glucose levels significantly decreased

Patel & Sharma (2014)

Strong α-glucosidase inhibition

Wu et al. (2015)

Decrease insulin resistance

Ludvik et al. (2003)

S. mutans
inhibition
S. mutans
inhibition
Biofilm formation

Inhibitor of S. mutans
Effective antibacterial mouth rinse
Inhibitor of S. mutans

El-sherbiny, (2014)
Thomas et al. (2015)
Dinesh et al. (2016)

80-95% of biofilm formation was inhibited by
the NDM fraction of cranberry juice among
several Streptococci (S. sobrinus, S. mutans, S.
criceti, S. sanguinis, S. oralis and S. mitis)

Bonifait & Grenier (2010)

FV: Fruit and Vegetable; TPC: Total Phenolic Content; ORAC: Oxygen Radical Absorbance Capacity; FRAP: Ferric Reducing Antioxidant Power; TEAC: Trolox
equivalent antioxidant capacity; TRAP: total radical-trapping antioxidant parameter
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Amongst Brassica vegetables (broccoli, white and red cabbage, cauliflower and Kohlrabi), red
cabbage has been reported as having greatest antioxidant potential across a number of in vitro
antioxidant assays; ferric reducing antioxidant potential (FRAP), DPPH radical scavenging activity
and TPC (Vicas et al. 2013) (Table 1.1). It has been demonstrated that the enzymatic conversion
of glucosinolates in Brassica vegetables produces isothiocyanates (Barba et al. 2016), which
possess antioxidant and anticancer properties (Plum et al. 1996 and Yuan et al. 2010) (Table 1.1).
Antioxidants can be found in both the flesh and skin of FV (Łata, 2007), with FV skins recognised
as a particularly valuable source of antioxidants (Wolfe et al. 2003). In relation to apples, the
skin is richer in phenols and ascorbic acid than the flesh, a characteristic which serves to protect
the fruit against ultraviolet irradiation (Łata & Tomala, 2007). In fact, apple skin contributes
approximately 90% of the total antioxidant activity of apples, even though apple skins only
represent up to 10% of the whole fruit weight (Łata & Tomala, 2007). This phenomenon is seen
in other fruits also; 70-75% of red and purple grape and 45% of green grape antioxidant capacity
is in the skin (Table 1.1).
While many individual phytochemicals have been proposed to be responsible for the antioxidant
potential of FV (Liu, 2013), this effect is not only due to individual antioxidants, but also to their
synergistic interactions (Harasym & Oledzki, 2014). Consumers should therefore obtain their
antioxidants from a balanced diet of whole FV rather than supplements or individual extracts
(Liu, 2013). Wang et al. (2011) evaluated the antioxidant capacities of fruits, vegetables and
legumes both individually and combined. Results indicated that combining specific food groups
e.g. fruits and legumes, was more likely to provide an antioxidant synergistic interaction rather
than combining foods within a group e.g. fruit and fruit. More recent evidence also emerging
suggests that specific combinations of phytochemicals present in FV, may be far more effective
than individual compounds (Van Breda et al. 2019). In a human dietary intervention study
conducted by Van Breda (2019), a 4-week intervention with blueberry-apple juice was shown to
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be most effective in reducing oxidative stress in comparison to single fruit juices, suggesting
synergistic interactions between the FV.
1.2.2. Antidiabetic properties
Diabetes mellitus (DM) is a metabolic disorder resulting from a lack of insulin secretion or insulin
action which can cause abnormalities in carbohydrates, lipids and proteins metabolism (de Sales
et al. 2012). Type 1 diabetes (T1D) is caused by autoimmune destruction of the pancreatic
insulin-producing β-cells, whereas type 2 diabetes (T2DM) occurs when insulin is either not
produced in sufficient amounts or does not elicit the normal response from cells (Abdal et al.
2015). Diet constitutes a major aspect of the overall management of diabetes (Asif, 2014). FV
contain large amounts of cellulose, an insoluble fibre, which can help in the management of
diabetes, by improving insulin sensitivity (Kaczmarczyk et al. 2011). Furthermore, reactive
oxygen species (ROS) have been implicated in the induction and complication of diabetes
mellitus (Lobo et al. 2010), thus consumption of antioxidant-rich FV exerts an additional
protective effect on both the development and management of type 2 diabetes (Asif, 2014).
Polyphenol-rich extracts from soft fruits (strawberry, raspberry, blueberry and blackcurrant)
have been examined in vitro for their ability to inhibit α-amylase (Nair et al. 2013). α-amylase is
a prominent enzyme found in pancreatic juice and saliva which breaks down large insoluble
starch molecules into absorbable molecules. Alpha-amylase inhibitors delay the breaking down
of carbohydrates in the small intestine and lower the levels of postprandial hyperglycemia,
thereby serving as an adjunct to the management of diabetes mellitus. Several natural αamylase inhibitors, isolated from plants, have been used as alternative antidiabetic agents and
are associated with increased potency and reduced side effects compared to existing synthetic
drugs (Kazeem, Adamson & Ogunwande, 2013).
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All extracts inhibited α-amylase, however there was a 10-fold difference between the most
(strawberry and raspberry) and least (blueberry and blackcurrant) effective extracts (McDougall
et al. 2005). Strawberry exhibited an α-amylase activity of 75% and raspberry, 96%. Similarly,
Cheplick et al. (2010) demonstrated that strawberry fruit had effective α-amylase inhibitory
properties. The extracts most effective in inhibiting α-amylase contain appreciable amounts of
soluble tannins and removal of the tannins from strawberry extracts also removes α-amylase
inhibitory effects (McDougall et al. 2005). Fruit extracts have also been examined for their ability
to inhibit α-glucosidase, an enteric digestive enzyme that degrades complex carbohydrates and
disaccharides into monosaccharides (Balfour & McTavish, 1993). Blueberry and blackcurrant
extracts were the most effective α-glucosidase inhibitors in vitro, followed by strawberry and
raspberry extracts, which may be related to the types of anthocyanins present in the fruit
extracts (McDougall et al. 2005). More recently, the α-glucosidase inhibition of FV extracts
including potato, sweet potato, garlic, green pepper, leek, spinach, plum and pear has been
investigated (Park et al. 2012). The FV extracts with the highest to lowest α-glucosidase
inhibition properties were as follows potato > pear > spinach > sweet potato > leek > garlic >
cucumber > green pepper.
In vivo studies have also been carried out to investigate the role of FV in diabetes. Blueberries
where shown to ameliorate the symptoms of hyperglycaemia in diabetic C57b1/6J mice, which
was thought to be related to their anthocyanin compounds (Grace et al. 2009). Additionally, in
a randomized, double-blind, placebo-controlled clinical study with 32 obese, non-diabetic
individuals, Stull et al. (2010), showed that the consumption of 22.5g of powdered dry
blueberries, taken twice daily for 6 weeks, resulted in increased insulin sensitivity and decreased
blood glucose concentrations. While the authors did not identify the specific bioactive
ingredients associated with these antidiabetic properties, it is believed that these effects are
attributed to specific anthocyanins and polyphenols such as pelargonidin and cyanidin-3glucoside (Koupý et al. 2015).
16

Apples have been shown to decrease hyperglycaemia (Dange & Desphande, 2013). A four-week
intervention trial among male and female patients with T2DM (n=98) were divided into two
groups; intervention group (n=54) consuming one medium apple daily, and control group
(n=44). Post-intervention, the intervention group had significantly lower (p<0.0001) fasting
blood sugar relative to the control group (Dange & Deshpande, 2013). This may be caused by a
high quercetin intake, as it is a major component of apple skin (Dange & Deshpande, 2013 and
Kim et al. 2011), and several studies have found the flavonol quercetin to be associated with
antidiabetic effects (Eid & Haddad, 2017; Yang & Kang, 2018 and Vessal et al. 2003).
Tomatoes have also been shown to decrease blood glucose levels (Akinnuga et al. 2010). Albino
Wistar rats were divided into control and test groups using normal and diabetic rats, with four
groups in total. The four groups included (1) non-diabetic control: non-diabetic rats fed citrate
buffer and normal rat chow, (2) diabetic control: diabetic rats fed 65 mg kg −1 streptozotocin and
normal rat chow, (3) diabetic test group 1: diabetic rats fed streptozotocin, ripe tomoato and rat
chow, and (4) diabetic test group 2: diabetic rats fed streptozotocin, unripe tomato and rat
chow. The fasting blood glucose levels were determined on days 1, 3 and 14 of consumption.
After the 14th day of consumption, blood glucose levels were significantly decreased in animals
fed ripe and unripe tomatoes in comparison to the diabetic control group. It is suggested that
carotenoids present in tomatoes protect against hyperglycaemia in diabetes mellitus (Suzuki et
al. 2002; Ali & Agha, 2009). As the decrease in blood glucose levels by both ripe and unripe
tomatoes was not significantly different, it was hypothesized that the consumption of either can
reduce hypoglycaemia in diabetes mellitus and contribute to the maintenance of good health
(Akinnuga et al. 2010). Flavanones in FV are also known to have antidiabetic properties. Two
major flavanones, namely naringenin and hesperidin that are abundant in citrus fruits, including
tomato, have been reported to possess antidiabetic activities (Fang et al. 2019) (Table 1.1). Oral
treatment of naringenin (25mg/kg) was found to exert significant inhibition of intestinal αglucosidase activity in vivo (Priscilla et al. 2014). Other flavonoids, such as anthocyanins and
17

quercetin which are also found in FV, promote an antidiabetic effect by increasing insulin
secretion and decreasing beta-cell apoptosis (Oh & Jun, 2014).
White skinned sweet potato (WSSP) has also exhibited antidiabetic effects when challenged
against an insulin sensitizer troglitazone in Zucker fatty rats (Kusano & Abe, 2000). After oral
administration of 100mg/kg/d of WSSP for 8 weeks, hyperinsulinemia was reduced by 23%, 26%,
60% and 50%, after 3, 4, 6 and 8 weeks, respectively. A similar effect on blood insulin was
observed after administration of the troglitazone, however an increase in body weight was
observed in the troglitazone group, but not in the WSSP group (Kusano & Abe, 2000). More
recently, the effect of WSSP extract on insulin sensitivity in T2DM patients was examined (Ludvik
et al. 2007). A total of 61 participants were divided into two groups; one group received 4g of
Caiapo (WSSP extract) daily for 5 months and the second group received a placebo. Following
supplementation of Caiapo, an increase in oral glucose insulin sensitivity was observed, and the
authors concluded that Caiapo can be considered a natural insulin sensitizer. Akhtar et al. (2018)
reported that the antidiabetic potential of WSSP may be attributed to the presence of bioactive
compounds such as anthocyanins, flavonoids, alkaloids and glycoprotein. These act as insulinlike molecules or insulin secretagogues in sweet potatoes (Table 1.1). In addition to increasing
insulin sensitivity, sweet potato is also recommended as a healthy food for people with diabetes
as the presence of amylose increases blood sugar levels slowly in comparison to simple sugars
(Mohanraj & Sivasankar, 2014).
Another vegetable with potential antidiabetic properties includes broccoli (Table 1.1). In an in
vivo study by Suresh et al. (2017), streptozotocin (STZ) induced diabetic rats were fed a mixture
of rat chow and broccoli extract, with blood glucose levels measured twice a week for 8 weeks.
Results indicated that the STZ-induced diabetic rats that received only rat chow had higher blood
glucose levels in comparison to the STZ-induced diabetic rats that consumed rat chow and
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broccoli extracts, therefore concluding that broccoli extract may help reduce the STZ mediated
hyperglycaemia (Suresh et al. 2017).
A higher FV consumption overall is associated with lower risk of diabetes and diabetic
complications, which supports the importance of FV consumption. In turn, a diet with plentiful
FV may help to prevent and manage diabetes (Du et al. 2017). Studies suggest that the
antidiabetic potential of FV can be attributed to an array of flavonoids (Vinayagam & Xu, 2015
and Marella, 2017).
1.2.3. Anticariogenic properties
The WHO has confirmed that an excessive intake of free, simple sugars is associated with dental
caries (Mobley et al. 2009). Dental caries is a bacterial disease process, caused by acids from
bacterial metabolism diffusing into the enamel and dentine, causing the mineral to dissolve
(Featherstone, 2008). Streptococcus mutans (S. mutans) and Streptococcus mitis (S. mitis) are
considered to be the main causes of dental caries (Dinesh et al. 2016). S. mutans can metabolize
carbohydrates, such as glucose and sucrose, and produce acids, thereby inducing dental caries
(El-sherbiny, 2014). Good oral hygiene practices, including the use of mouthwash regularly, can
provide antimicrobial, anti-inflammatory, and anticariogenic effects (Thomas et al. 2016).
Mouth rinses however contain active ingredients such as chlorohexidine, which are associated
with side-effects such as taste disturbances, mucosal irritation and enamel staining (Ahrari et al.
2015), therefore research into alternative antimicrobial agents which does not provide such
side-effects is warranted.
Garlic extract has been reported to possess antifungal, antibacterial and antiviral activities (Elsherbiny, 2014 & Thomas et al. 2015). Data obtained by El-sherbiny (2014) revealed garlic
extract to be a potent inhibitor of S. mutans. A more recent study conducted by Thomas et al.
(2015) has shown garlic to have antioxidant and anti-inflammatory properties, and to have an
inhibitory effect on S. mutans due to its sulfur-containing compounds. This study evaluated and
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compared the antimicrobial effects of a variety of mouth washes that included chlorhexidine
(0.2%), sodium fluoride (0.05%), fluoride with essential oils (0.05%), alum (0.02M), green tea,
and garlic with lime against S. mutans, lactobacilli and Candida albicans. Among the six
mouthwashes studied, results indicated that chlorhexidine and the garlic with lime mouth rinse
were the most potent antibacterial and antifungal solutions. In the herbal formulation ‘garlic
and lime mouth rinse’, lime was added to mask the pungent flavour of the garlic but it also
provided an antifungal effect. In a study conducted by Kooltheat et al. (2016), kaffir lime leaf
extracts were found to inhibit the growth of S. mutans as well as inhibit biofilm formation. The
high phenolic content of kaffir lime leaves contribute to the antimicrobial and biofilm inhibition
effects, indicating that a mixture of garlic and lime is potentially a natural solution to reducing
dental plaque and caries development.
Dark-coloured fruit berries including cranberry, blueberry and strawberry were used to treat S.
mutans biofilms to determine if these fruits could be used as natural agents against dental
caries. A combination of the three berry extracts (Orophenol) was also tested. The treated
biofilms were assessed for metabolic activity, acidogenicity, bio volumes, structural
organization, and bacterial viability. The cranberry and Orophenol extracts exhibited the most
significant reductions in metabolic activity, acid production and bacterial/exopolysaccharide
(EPS) bio volumes. The blueberry extract produced significant reductions in metabolic activity
and acidogenicity only at the highest concentration tested, without significantly affecting
bacterial/EPS bio volumes or biofilm architecture. Strawberry extracts had no significant effects
on S. mutans biofilms. Overall, the cranberry extract was the most effective extract in disrupting
virulence properties of S. mutans without significantly affecting bacterial viability, therefore
suggesting a potential role for cranberry polyphenols in modulating the pathogenicity of
cariogenic biofilms (Philip et al. 2018). Studies have suggested that cranberry polyphenols,
including pro-anthocyanidins and flavonols, are the active agents that help promote oral health
by inhibiting dental biofilm formation and acid production by S. mutans (Sanjeet et al. 2016,
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Duarte et al. 2006). More research is required to further explore the potential anticariogenic
properties of FV.
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1.3. Acceptability of whole FV
Despite the importance of regular FV consumption, a limited number of young adults achieve
the recommended amounts, with high proportions of men and women in the United States,
aged between 19 and 30 years not meeting daily intake recommendations (Krebs-Smith et al.
2010). In the Irish population results from the ‘Healthy Ireland survey’ (Department of Health,
2017) indicated that only 37% of individuals aged 15 years or older, consumed the
recommended 5 FV portions per day, with more females than males adhering to guidelines.
These data suggest that the consumption of whole FV in this age group is not adequate and
there may be several factors contributing to this. The home environment has been identified as
a major influencer of healthy eating habits and it was suggested that diet-related practices, such
as regular purchasing of FV, should be encouraged more among the parents of adolescents, as
well as young adults (Larson et al. 2012). Establishing favourable taste preferences in the early
stages of life is also important to promote FV intake at a young age (Larson et al. 2012). The
transition from childhood eating habits and food preferences into adulthood can influence FV
choices, as adult vegetable consumption is often related to childhood experiences (Larson et al.
2008). Neophobic tendencies which begin in childhood can typically last well into adulthood,
causing a negative attitude to vegetables (Tornwall et al. 2014). It is important for adults to
consume vegetables.
Sensory factors such as taste and smell play key roles in the acceptance or rejection of food
(Hoffman et al. 2016). Taste refers to the sensation resulting from chemicals stimulating taste
receptors in the tongue and oropharynx whereas smell contributes to flavour via aromas of
foods (Hoffman et al. 2016). In a review of flavour preferences in both children and young adults,
it was found that a bitter taste was not a preferred taste in the first decade of life. Both sour and
bitter tastes were the least accepted taste among infants and children aged 4-6 years (Schwartz
et al. 2009). Adolescents and young adults also reported bitter to be their least preferred taste,
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however a liking for bitter taste does grows in the early years of adolescence (Hoffman et al.
2016) and studies indicate that the aversion to bitter taste decreases with age (Drewnowski et
al. 2001). However, generally survey studies indicate that vegetables, cruciferous vegetables in
particular, are among the most disliked foods because of their bitter taste (Drewnowski et al.
2012). Adding sugar to known bitter vegetables, such as broccoli or cauliflower, can reduce an
individual’s aversion to them and this effect then remains when the vegetables are subsequently
unsweetened (Capaldi & Privitera, 2008). Preferences for sweet taste was also reported by
Chung & Fong (2018). In comparison with older participants, a younger cohort was reported to
have a greater preference for sweet taste (i.e. sweets, carrot and orange juice, and sweetened
beverages) (Chung & Fong, 2018).
Other factors that influence FV acceptability include education, cost, and availability. In a study
conducted by Poobalan et al. (2014), participants (18-25 year olds from colleges and universities,
individuals working and not in education, employment or training) had reasonable knowledge
with regards to the consequences of an unhealthy diet but there were some misunderstandings.
For example those that participated in the study believed that ‘healthy food’ has to be freshly
prepared and organic. This misconception may cause a reduction in consumption of FV and
other healthy foods as they believe a lot of preparation is required which may be time
consuming. In addition, many of the participants believed ‘healthy’ meant expensive. In this
study, focus group discussions revealed diverse opinions regarding both taste and cost of food.
The cohort of 18-25 year olds, generally, were not willing to devote time and energy in cooking
healthy meals but instead preferred to choose the easy option, even if they knew it was
unhealthy. In a similar study, Powell et al. (2009) found that the consumption of FV in young
American adults was significantly associated with FV prices. High prices were linked to a
significantly lower intake of FV. The link between high cost and low FV intake has also been
found among the Irish diet (FSAI, 2011).
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Vegetable consumption is also linked to availability (Izumi et al. 2011) and reduced cost (Claro
& Monteiro, 2010). It was also found that over 80% of individuals, over the age of 15 and living
in low and middle income countries, consumed lower amounts of FV than recommended by the
WHO (Frank et al. 2019). Future longitudinal studies are needed to include additional predictors
of FV consumption. These predictors should include those beyond the home environment such
as physical and social aspects of work, food retail environments and college/university
environments, which are important in determining the acceptability of FV (Larson et al. 2012).

1.3.1 Acceptability of novel functional foods incorporating FV
Functional foods are defined as “foods and food components that supply health benefits beyond
basic nutrition”. It is believed that these functional foods not only provide nutrients, but also
help to maintain health, and reduce disease risk (Aghajanpour et al. 2017). In order to determine
the success and market size of functional foods, it is important to understand the consumer
attitude towards, and acceptance of, these products. It has been noted that American
consumers tend to accept and consume functional foods, whereas European consumers are
more critical and questioning of functional foods (Ozen et al. 2012).

It is evident that consumers consider the sensory properties of food to be a vital factor in their
choice of food (Aggarwal et al. 2016), however non-sensory attributes, such as health, are
becoming increasingly important (Vella et al. 2014). Verbeke (2006), reported that even though
taste is a major influence in food choice, some consumers are willing to compromise taste for
health benefits. The long term success of functional foods is dependent on consumer perception
and acceptance (Vella et al. 2014). Consumer research has suggested that consumers are willing
to substitute conventional foods for functional foods if they perceive the functional food option
to be healthier (Ali & Rahut, 2019). Other core factors include consumer confidence and trust in
the source of nutrition information (Plasek & Temesi, 2019).
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There are limited studies reporting on consumer acceptance of functional FV products. AlJahani
& Cheikhousman (2017) described low acceptance of a pumpkin juice product, rich in essential
nutrients and high in vitamin C and iron, until it was blended with other fruit. The original
product was not readily accepted by consumers because of its strong pumpkin flavour and
aroma. Blending a mixture of pumpkin and mango, pumpkin and orange, and pumpkin and
strawberry improved the sensory properties of the product and improved consumer acceptance
rates (AlJahani & Cheikhousman, 2017). As FV are extensively processed and the residues often
discarded, it is possible that their rich residue composition could be used, hence minimizing food
waste (Ferreira et al. 2013). The study aimed to develop a novel isotonic FV beverage and the
remaining residue was processed into flour, which was then incorporated into biscuits and
cereal bars. The designed biscuit and cereal bar products presented a high fibre content and
were reasonable consumer acceptance.

1.3.2 Strategies to increase FV consumption
Promoting FV consumption still remains a challenge to health professionals around the world
(Chee et al. 2014). Numerous factors can influence the consumption of FV including; wholesale
and retail marketing prices, processing and transport/availability (McLaughlin, 2004). These cost
components may have an impact on the overall price of FV because if it costs a lot to produce/
process, and transport FV the selling price of FV may increase (Lee et al. 2002). Interventions are
required to address sociocultural, economic and educational challenges, to expand FV
consumption. One strategy in particular includes increasing innovation and the development of
FV based products as they will provide a convenient and novel way to increase intake of FV daily
(Pollard et al. 2008).
FV represent only 3% of the new products launched in the Australian market in 2015, and of
these the majority represented a healthy choice (Spiteri et al. 2018). The introduction of prepackaged, pre-cut, and other value-added raw or ready-to-eat FV products such as small-cut
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carrots, bagged salads, and sliced apples have boosted consumption of FV (Malden et al. 2017),
therefore additional product innovation could further impact the demand and consumption of
FV (Scott et al. 2017). Functional juices of vegetables, and fruit, or FV juice blends have been
developed (Suna et al. 2013). These functional FV products inherently contain an array of
beneficial nutrients such as minerals, vitamins, carotenoids, flavonoids and phenolics (Luckow
& Delahunty, 2004). These FV beverages can be consumed by all sectors of the population and
may aid in ensuring consumers get their recommended daily intake of FV (Suna et al. 2013). Thus
the development of novel, convenient and cost-effective FV products would help increase the
daily consumption of FV in young adults.
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Chapter 2
Evaluation of synergistic antioxidant, antimicrobial and
antidiabetic efficacy of fruits and vegetables in
combination.

Data from this chapter has been presented at Nutrient-Nutrient Interaction, and Human
Interaction and Research conferences.
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Abstract
Fruits and vegetables (FV) possess a variety of bioactive compounds, and therefore when
consumed together, synergistic, additive or antagonistic interactions may occur. The aim of the
present study was to evaluate the potential synergistic antioxidant, antimicrobial and
antidiabetic efficacy of combined FV, using a range of assays; DPPH radical scavenging, total
phenolic content (TPC), ferric reducing antioxidant power (FRAP), α-amylase inhibition,
Streptococcus mutans growth inhibition. Red grape possessed low bioactivity, while sweet
potato was the vegetable with consistently high bioactivity across antioxidant and antidiabetic
assays. Combining FV with low bioactivity resulted in synergistic interactions in DPPH radical
scavenging and α-amylase inhibition. None of the FV or FV combinations inhibited the growth
of Streptococcus mutans. FV combinations may prove beneficial in increasing the bioactivity of
FV with low individual bioactivities. These findings have implications in new product
development and dietary guidelines.
Key words: Fruit, vegetables, combinations, bioactivity, synergy
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2.1. Introduction
Nutrition is a key determinant of health (Rodriguez – Casado, 2016), and increasing evidence
proposes that a diet rich in fruits and vegetables (FV) may help reduce and/or prevent a range
of diseases, including diabetes (Boeing et al. 2012; Harasym and Oledzki 2014), osteoporosis
(Park et al. 2011 and Qiu et al. 2017) and cardiovascular disease (Badimon et al. 2010 and
Vasanthi et al. 2012). The consumption of FV can also help prevent dental caries (El-Sherbiny
2014) and reduce the risk of obesity (González-Castejón & Rodriguez-Casado, 2011). The World
Health Organisation (WHO) suggests that adults should consume greater than 400g of FV daily
to help reduce the risk of non-communicable diseases and improve overall health (WHO, 2018).
FV are a ubiquitous source of antioxidants, molecules that neutralise free radicals and reduce
their cell-damaging capacity (Halliwell, 1995). A range of antioxidants, including α-tocopherol,
ascorbic acid and β-carotene, are found in FV (Harasym & Oledzki, 2014; Villa-Rodriguez et al.
2015 and Kaur & Kapoor, 2001). The antioxidant properties associated with FV may be
attributable to these individual compounds or may be due to synergistic interactions between
different compounds in FV (Harasym & Oledzki, 2014).
A significant reduction in the risk of developing type 2 diabetes is associated with a dietary
pattern that emphasises FV consumption (Asif, 2014). FV are a rich source of fibre, which can
reduce postprandial blood sugar elevation, by delaying glucose absorption (Asif, 2014). In
addition, FV phenolic extracts have been shown to inhibit the activity of brush-border enzymes
such as α-amylase and α-glucosidase, thereby potentially reducing the rate of carbohydrate
digestion and aiding the control of blood glucose levels (Cheplick et al. 2010 and Park et al. 2012).
Certain FV have also been found to possess antibacterial activity against the dental cariescausing pathogen, Streptococcus mutans (S. mutans), however, studies have largely focused on
compounds isolated from FV (El-sherbiny, 2014 and Duarte et al. 2006). Garlic extract was found
to inhibit the growth of S. mutans (El-sherbiny, 2014), while cranberry pro-anthocyanidins and
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flavonoids significantly affected S. mutans biofilm development and acidogenicity, hence
reducing plaque formation (Duarte et al. 2006). Interestingly, Shetty et al (2018) reported that
although whole apple extract did not inhibit the growth of S. mutans, it significantly decreased
bacterial adherence in vitro. Additional studies investigating the anticariogenic activity of whole
FV is required and may lead to natural alternatives that could aid in the prevention of dental
caries.
The combined effects of food components are considered to be more beneficial than consuming
individual constituents (Rodriguez – Casado, 2016). Synergy, by definition, is when the effect of
a combination is greater than the effect of each individual component in isolation (Tallarida,
2011). However, combined effects may also be antagonistic, which results in the effect being
less than that predicted by the individual components (Wang et al. 2011), or can be additive,
where the combined effect is consistent with the individual sample potencies (Tallarida, 2011).
FV possess a variety of bioactive compounds, therefore it is reasonable to assume that
consumption of FV together may promote synergistic, additive or antagonistic interactions
(Wang et al. 2011). Wang et al. (2011) demonstrated that different FV combinations had varying
effects on antioxidant activity in vitro, with certain combinations, such as apple and blackberry
having antagonistic effects, whereas raspberry and adzuki bean exhibited synergistic antioxidant
effect. FV phytochemical mixtures such as anthocyanins and flavonols, have also demonstrated
synergistic antioxidant interactions (Phan et al. 2018; Hidalgo et al. 2010 and Jiang et al. 2015).
Therefore, the effect of FV combinations, in terms of bioactivity, needs further investigation.
This study aimed to investigate the effects of a variety of whole FV combinations on antioxidant,
antidiabetic and anticariogenic properties. Investigating interactions between whole FV is
important to identify combinations that promote optimal bioactivity.
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2.2. Materials and Methods
2.2.1. Chemicals and reagents
All chemicals and reagents were purchased from Merck (Ireland) with the exception of glacial
acetic acid (Honeywell, England), Muller Hinton Agar (Neogen Culture Media, England) and
starch (Wardle Chemicals Ltd, England).
2.2.2. Sample Preparation
Whole unpeeled FV (blueberries, strawberries, red grapes, red peppers, red and green apples,
sweet potatoes and carrots) were purchased from a local supermarket (LIDL). The FV was
purchased within one season (November 2016), prepped as appropriate and aliquots stored at
-20°C. The aforementioned FV were selected based on literature reading as they were found to
have high potential across all three bioactivities; antioxidant, antidiabetic and anticariogenic.
Strawberries, apples, blueberries and red peppers are just some FV which studies have shown
to have high antioxidant activity (Apak et al. 2007; Pellegrini et al. 2005 and Huang et al. 2012).
Particular FV were also found to have antidiabetic properties including blueberries and sweet
potato (Wu et al. 2015 and Ludvik et al. 2003). Philip et al. (2018) described the potential of dark
coloured berries such as blueberries, strawberries and cranberries to possess anticariogenic
activity however the cranberry fruit was extremely difficult to source at the time of sample
preparation, therefore blueberry and strawberry fruits were selected. As well as this, it was
important to select FV based on their likeliness by the target market. Most of the FV chosen
were found to be in the top ten most commonly consumed FV in the United States (Offringa et
al. 2019).
To prepare the fruit extract, 5g fruit was mixed with ethanol (EtOH) to a final concentration of
10% (w/v) and blended using a hand blender (550W x 4mins). The solution was subsequently
mixed for 15mins at room temperature, in a shaking incubator (Hangun – Balkir & McKenny
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2012). The extract was centrifuged at 6500rpm for 15mins and the isolated supernatant was
aliquoted and stored at -20°C for further analysis. The vegetable extracts were prepared
according to methods described by Sulaiman et al. (2011) and Złotek et al. (2016), with some
modifications. First, 2g vegetable was mixed to a final concentration of 4% (w/v) with 70%
methanol (MetOH) and incubated at room temperature for 1hr. The extract was centrifuged at
6500rpm for 30mins and the supernatant was subsequently aliquoted and stored at -20°C for
further analysis. To prepare a fruit and fruit combination, 2.5g of each fruit was weighed,
combined and prepared according to the fruit extraction method described above. To prepare
a vegetable and vegetable combination, 1g of each vegetable was weighed, combined and
prepared according to the vegetable extraction method described above. To prepare fruit and
vegetable combinations, 5g fruit and 2g vegetable was weighed, blended at 500W for 4mins
with 100ml 70% MetOH, centrifuged for 30mins at 6500rpm, and the supernatant was stored at
-20°C for further analysis.
Test FV are coded as follows: BL: Blueberry; SP: Sweet potato; RP: Red pepper; ST: Strawberry;
RG: Red grape; C: Carrot; RA: Red apple; GA: Green apple; C1-C13: Combinations of FV were
designated C1 to C13, which are described in Table 2.1.
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Table 2.1. Coding system utilised for FV combinations
Combination Code

Combination

C1

Blueberry and Sweet potato

C2

Blueberry and Red pepper

C3

Blueberry and Strawberry

C4

Blueberry and Red grape

C5

Strawberry and Sweet potato

C6

Red grape and Carrot

C7

Red grape and Red pepper

C8

Red apple and Red pepper

C9

Red apple and Carrot

C10

Red apple and Sweet potato

C11

Green apple and Sweet potato

C12

Green apple and Red pepper

C13

Green apple and Carrot
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2.2.3. Antioxidant assays
2.2.3.1. DPPH radical scavenging activity
Percentage inhibition of 2, 2-diphenyl-1-picrylhydrazyl (DPPH), was determined using the
spectrophotometric assay previously described by Brand-Williams et al. (1995) with some
modifications (Hangun-Balkir & McKenny, 2012). Briefly, 2ml DPPH (100µg/ml) solution was
added to 2ml sample, and to account for background colour, 2ml sample was mixed with 2ml
MetOH (colour blank). A standard curve was prepared using Trolox standards, ranging from 0.22 μM. A mixture of 2ml MetOH solution and 2ml DPPH was used as the reference (Ref) blank,
and 2ml of MetOH was used to blank the spectrophotometer. All samples, reference and colour
blanks and standards were incubated at room temperature in the dark for 30mins and
absorbance subsequently read at 517nm. The scavenging activity, was reported as percentage
DPPH inhibition, which was calculated as follows:
% DPPH Inhibition = {[AbsRefBLANK– (AbsSAMPLE – AbsCOLOUR BLANK)]/ AbsRefBLANK} x 100
2.2.3.2. Total Phenolic Content (TPC)
TPC of all samples was determined using the Folin-Ciocalteau colorimetric method described by
Singleton and Rossi (1965). Briefly, 50µl sample was added to 250µl Folin-Ciocalteau reagent
and incubated for 4mins at room temperature, before neutralising with 500µl 20% (w/v) Na2CO3.
To each sample, 4.2ml H2O was then added. A standard curve was prepared similar to that of
the sample, but instead of sample, 50µl of each gallic acid standard (0-50mg/100ml) was added.
To account for sample background colour, 500µl 20% (w/v) Na2CO3, and 4.45ml H2O was added
to 50µl sample (colour blanks). All samples, standard curve and colour blanks were incubated at
room temperature for 2hr in the

dark and absorbance was then measured

spectrophotometrically at 765nm. The TPC was determined for each sample by accounting for
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background colour and interpolation from the standard curve. Results were expressed as mg
gallic acid equivalents per 100gfw (mgGAE/100gfw).
2.2.3.3. Ferric reducing antioxidant power (FRAP)
The FRAP assay was carried out according to the method described by Benzie and Strain (1996).
Briefly, 3ml freshly prepared FRAP reagent (1ml 10mM TPTZ in HCl, 1ml 20mM FeCl3, 10ml
300mM acetate buffer), was added to 1ml sample. To prepare a standard curve, 3ml standard
reagent (1ml 10mM TPTZ in HCl, 1ml H2O, 10ml 300mM acetate buffer) was mixed with 1ml
Fe2SO4 standards (0-500µM). Colour blanks were prepared for each sample using 1ml sample
and 3ml H2O. All samples, standards and colour blanks were incubated at room temperature, in
the dark for 30mins and the absorbance was read spectrophotometrically at 593nm. FRAP (µmol
Fe2+/gfw) was determined for each sample by accounting for background colour and
interpolation from the standard curve.
2.2.4. α-amylase inhibition assay
Assessing α-amylase inhibition was in accordance with the method described by Padul et al.
(2012), with some modifications. A sterile cork borer was used to make 6mm wells in starch agar
plates (1% w/v) and to each well, 75µl test FV extract was added, together with 75µl α-amylase
(1% w/v) solution. Acarbose (10mg/ml), a known α-amylase inhibitor, and water were used as
the positive and negative controls, respectively. Plates were incubated aerobically for 1hr at
37°C and following incubation, iodine was poured onto the agar plates and spread over the wells
by gently swirling the plate. Plates were then examined for zones of clearing around the wells,
and any observed zones were measured (mm) using a callipers. Results were expressed as % αamylase inhibition, relative to the negative control, and calculated as follows:
% α-amylase inhibition = [100-((Zone of inhibitionEXTRACT/ Zone of inhibitionNEG.CONTROL)*100)]
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2.2.5. Anticariogenic assay
The antimicrobial potential of different FV and FV combinations against the dental cariescausing pathogen Streptococcus mutans (S. mutans), was investigated using the agar disc
diffusion assay (Dinesh et al. 2016). Briefly, a fresh overnight bacterial suspension (diluted to 106
colony forming units (cfu)/ml) was swabbed on Muller Hinton (MH) agar (Neogen Culture Media)
and left to dry for 10mins. Sterile paper discs (2mm) were aseptically placed onto the agar plate
and either 50µl sample or 50µl control was added to the disc. Chlorhexidine (0.2%), a known
antimicrobial agent of S. mutans (Wang and Ren 2017), was used as the positive control. Plates
were left to dry for 30mins and then incubated anaerobically for 24 hr at 37°C. Microbial
inhibition was interpreted by the presence of a zone of clearing, which was measured using a
callipers (mm) to determine the degree of inhibition.
2.2.6. Statistical Analysis
All data represents the mean ± standard deviation of at least three independent experiments.
Experimental assays based on one FV preparation. Statistical analysis was carried out using
Microsoft Excel. Statistical significance was determined using a paired student t-test and defined
as p < 0.05.
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2.3. Results
2.3.1. Antioxidant activity of whole FV
The antioxidant potential of whole FV was assessed by DPPH, TPC and FRAP assays. Data
demonstrated that 75% of the FV analysed in the study displayed radical scavenging ability with
> 90% DPPH inhibition. Red grape and carrot had significantly lower (p < 0.05) radical scavenging
activity than all other FV (68 and 33%, respectively) (Figure. 2.1). In the TPC assay red pepper,
blueberry and sweet potato possessed highest TPC (488.6 ± 62.6, 242.7 ± 38.19 and 237.6 ±
31.56mgGAE/100gfw, respectively), with red pepper being significantly higher (p < 0.05) than all
FV tested. Red grape and green apple had lowest TPC (72.1 ± 13.11 and 41.1 ±
4.63mgGAE/100gfw, respectively), with green apple displaying significantly lower TPC (p < 0.05)
than all other FV (Figure. 2.2). Reducing ability, measured by the FRAP assay, was greatest for
red pepper and sweet potato (21.9 ± 2.79 and 21.5 ± 2.71µmol Fe2+/gfw, respectively; Figure.
2.3).

Figure 2.1. DPPH radical scavenging activity of whole fruits and vegetables. Data represents
mean ± SD of n=3 replicates. Data with different superscript letters are significantly different (p
< 0.05)
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Figure 2.2. Total phenolic content (TPC) of whole fruits and vegetables. Data represents mean ±
SD of n=3 replicates. Data with different superscript letters are significantly different (p < 0.05)

Figure 2.3. Ferric reducing antioxidant power (FRAP) of whole fruits and vegetables. Data
represents mean ± SD of n=3 replicates. Data with different superscript letters are significantly
different (p < 0.05)
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2.3.2. Antioxidant activity of whole FV combinations
The antioxidant potential of all FV combinations was compared to the individual whole FV to
assess whether the combinations had antagonistic, additive or synergistic effects and
representative combination data is given in Figures 2.4-2.6. Red grape (RG) and carrot (C)
individually had lowest radical scavenging activity (68.0 ± 1.81% and 33.0 ± 5.79%, respectively),
but when combined (C6), the antioxidant potential significantly increased (p < 0.05) to 93.0 ±
0.91%, indicating that the combination had a synergistic effect on radical scavenging activity
(Figure 2.4). The opposite effect was observed for the fruit combination of blueberry (BL) and
strawberry (ST). Whole blueberry and strawberry were among the highest DPPH radical
scavengers (96.0 ± 0.46% and 94.1 ± 4.99 respectively), however when combined (C3), although
still retaining high antioxidant activity, there was a significant decrease (p < 0.05) to 81.8 ±
2.84%, indicating an antagonistic effect (Figure. 2.4). The radical scavenging activity of carrot
was also significantly (p < 0.05) increased when combined with either red apple (RA) or green
apple (GA) (C7, C11 respectively). As can be seen in Figure 2.4, for several of the FV combinations
(e.g. C1, C2, C5, C8, C10, C11, and C12) there was no significant difference observed in radical
scavenging properties compared to the individual FV.
In the TPC assay all FV combinations resulted in significant antagonistic effects (p < 0.05) (Figure
2.5), with the exception of the strawberry-blueberry combination (C3) which significantly
increased (p < 0.05) the TPC of strawberry from 146.5 ± 37.91 to 255.4 ± 8.95mg GAE/100gfw.
Similarly, the FRAP data indicated no significant (p < 0.05) synergistic interactions between
combined FV but instead a significant (p < 0.05) antagonistic effect was predominantly observed
(Figure 2.6). For some of the combinations (e.g. C3, C4, and C6) there was no significant
difference observed in reducing power potential compared to the individual FV.
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Figure 2.4. DPPH radical scavenging activity of whole fruits and vegetables (FV) and FV
combinations. Data represents mean ± SD of n=3 replicates. * Denotes value statistically
significantly different to FV combination (p < 0.05)

Figure 2.5. Total phenolic content (TPC) of whole fruits and vegetables (FV) and FV
combinations. Data represents mean ± SD of n=3 replicates. * Denotes value statistically
significantly different to FV combination (p < 0.05)
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Figure 2.6. Ferric reducing antioxidant power (FRAP) of whole fruits and vegetables (FV) and FV
combinations. Data represents mean ± SD of n=3 replicates. * Denotes value statistically
significantly different to FV combination (p < 0.05)
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2.3.3. α-amylase activity
Each FV and FV combination were compared to acarbose for their ability to inhibit α-amylase
activity, with the activity of acarbose demonstrating 100% inhibition. Strawberry and sweet
potato individually were found to possess the greatest α-amylase inhibition of all FV analysed
(both 45.4%, p < 0.05) whereas green apple, blueberry and red grape exhibited lowest α-amylase
inhibition (8.3%, 9% and 9%, respectively) (Table 2.2). The blueberry and strawberry
combination (C3) had a significantly higher (p < 0.05) α-amylase inhibition, 66.6%, compared to
the inhibitory effect of the individual fruits (9.0% and 45.4%, respectively). A significant (p < 0.05)
synergistic effect was also observed for combinations of red grape with red pepper (C7) carrot
(C6) and blueberry (C4) with combinations demonstrating increased inhibition to 44.4, 55.5 and
44.4% respectively (Table 2.2).
Table 2.2. α-amylase inhibition (%) of individual and combined FV
Individual FV
α - amylase inhibition (%)
Blueberry (BL)
9.0 ± 0.5
Strawberry (ST)
45.4 ± 0.0
Red grape (RG)
9.0 ± 0.5
Red pepper (RP)
18.1 ± 0.0
Red apple (RA)
16.6 ± 0.5
Green apple (GA)
8.3 ± 1.1
Carrot (C)
18.1 ± 0.0
Sweet Potato (SP)
45.4 ± 0.0
FV Combinations
C1 (BL & SP)
44.4 ± 0.5
C2 (BL & RP)
33.3 ± 1.0
C3 (BL & ST)
66.6 ± 0.0*
C4 (BL & RG)
44.4 ± 0.5*
C5 (ST & SP)
22.2 ± 0.5
C6 (RG & C)
55.5 ± 0.5*
C7 (RG &RP)
44.4 ± 0.5*
C8 (RA & RP)
8.3 ± 1.1
C9 (RA & C)
16.6 ± 0.5
C10 (RA & SP)
8.3 ± 0.5
C11 (GA & SP)
16.6 ± 0.5
C12 (GA & RP)
25.0 ± 0.0
C13 (GA & C)
25.0 ± 0.0
Data represent n=3 replicates. Values expressed as mean ± SD. FV: fruits and vegetables. *
Denotes value statistically significantly different to individual FV (p < 0.05)
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2.3.4. Anticariogenic assay
None of the whole FV or FV combinations demonstrated antimicrobial activity against S. mutans,
as there were no zones of inhibition observed for any of the test samples. The chlorohexidine
control inhibited the growth of S. mutans by producing a zone of clearing 23.25 ± 1.14 mm.
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2.4. Discussion
FV are known to contain an array of antioxidant compounds that can protect biomolecules in
vivo from oxidative damage, thereby potentially reducing the onset of associated diseases and
improving overall health (Huang et al. 2004). In this study, the antioxidant potential of individual
and combined whole FV was examined using three different assays, as it has been suggested
that not all antioxidant methods are highly related and therefore antioxidant capacity should be
evaluated by more than one method (Moharram & Youssef, 2014). While it is widely recognised
that chemical-based in-vitro antioxidant assays are not representative of in vivo conditions, they
do have practical utility when used as screening assays as suggested by several authors (NeriNuma et al, 2014; Denardin et al. 2015; Almeida et al. 2011 and Chandra et al. 2014). In this
study DPPH, FRAP and TPC assays were used to screen the FV for their potential antioxidant
properties. It is also important to acknowledge that the FRAP assay is based on the reduction of
Fe3+ to Fe2+ which is a process that also occurs in vivo (Ems & Huecker, 2019), therefore the FRAP
assay is somewhat relatable to an in vivo process.
The DPPH radical scavenging activity, TPC and FRAP assays were carried out in this research to
screen to not only screen to select FV for further investigation, but to gather data which could
be used in future studies. Although the assays are in vitro, the FRAP assay is more representative
of in vivo activity. The FRAP assay is based on the reduction of Fe3+ to Fe2+ which is a process that
also occurs in the human body (Ems & Huecker, 2019), therefore the FRAP assay is somewhat
relatable to an in vivo process.
Combining red grape and carrot, which individually had the lowest scavenging capabilities,
resulted in significantly (p < 0.05) increased radical scavenging activity compared to the
individual FV. This synergism may be due to interactions between different phenolic compounds
found within these FV, as previously described by Hidalgo et al. (2010). In their study, isolated
flavonoid compounds were combined, including kaempferol, found in both grapes and carrots
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(Bushra et al. 2007; Castillo-Muñoz et al. 2007) and myricetin, found in carrots (Bushra et al.
2007), and the combination exhibited synergistic radical scavenging activity (Hidalgo et al. 2010).
In the current study the whole carrot matrix was analysed and found to have low radical
scavenging activity compared to the other FV tested. These findings support the hypothesis that
the nature of the whole food matrix, not just the compounds within, impact the radical
scavenging properties of the food.
Overall, FV combinations resulted in a greater amount of antagonistic rather than synergistic
interaction, for both antioxidant and antidiabetic bioactivities. For example, the combination of
blueberry and strawberry resulted in a significant (p < 0.05) antagonistic antioxidant effect. This
antagonistic effect may be due to the type of antioxidant compounds found in these FV and the
effect their interactions have when combined. Hidalgo et al. (2010) reported antagonistic effects
when the FV-derived phenolic compounds myricetin and quercetin were combined. Quercetin
is found in several FV including apples, berries, grapes and red pepper (Li et al. 2016 & Sun et al.
2007), and myricetin can be found in carrots and blueberries (Häkkinen et al. 1999). It was also
reported that combining catechin (found in blueberry) (Arts et al. 2000) and pelargonidin-3glucoside (found in strawberries) (Duarte et al. 2018) promoted antagonistic antioxidant effects
in vitro (Hidalgo et al. 2010). Wang et al. (2011) reported that individual fruit (blackberries) and
legumes (adzuki beans) exhibited high antioxidant capacity (measured by DPPH, TPC, FRAP and
ORAC assays), but when combined the fruit and legume combination did not result in improved
activity, but rather antioxidant capacity remained the same. Although these are interesting
findings, future studies would be required, including those in vivo or on a cellular level, to receive
a more in depth understanding into the potential antioxidant activity.
Investigating the antidiabetic potential of the FV involved examining the α-amylase inhibitory
properties of the individual FV and their combinations. This enzyme plays a major role in vivo in
digesting starch, increasing postprandial glucose levels, and thus consuming foods that can
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inhibit α-amylase could potentially be used in the management of diabetes (Unnikrishnan et al.
2015). The individual FV with greatest α-amylase inhibition were found to be strawberry and
sweet potato but the combination of blueberry and strawberry (C3) had overall highest enzyme
inhibitory effect. McDougall et al. (2005) also reported that strawberry exhibited high α-amylase
inhibition, and interestingly demonstrated that removing tannins from the strawberries also
removed the amylase-inhibitory effect of the fruit, suggesting that soluble tannins are the
enzyme inhibitory compounds in strawberries. It is important to note that there has only been
one type of antidiabetic assay carried out in this research, therefore it is clear that further
mechanisms could be investigated. The α-amylase inhibition assay was used as a screening
mechanism to investigate if any FV had antidiabetic potential, similar to a study carried out by
McDougall et al (2005). For future investigations, those FV with antidiabetic activity could be
selected and analysed further using different methods such as α-glucosidase and aldose
reductase assays (Wu et al. 2015).
S. mutans are a major aetiological agent of dental caries (Forssten, 2010). Previous studies
reported that garlic, cranberry, apple, and red and green grapes inhibited the growth of S.
mutans and decreased bacterial adherence in vitro (El-sherbiny, 2014; Duarte et al. 2006; Shetty
et al. 2018 and Smullen, 2007). The whole FV tested in the present study did not display
antimicrobial activity against S. mutans, either individually or as FV combinations. It is important
to recognise that ethanol and methanol solvents were used in the extraction methods. Different
plant materials require different solvents for successful extraction of phenolic compounds.
While ethanol and methanol have been recommended for the extraction of phenolic
compounds from plants by several authors (Hangun – Balkir & McKenny 2012; Sulaiman et al.
(2011) and Złotek et al. (2016), some more recent articles report that the use of these solvents,
and at different concentrations, can affect the quality of antioxidant data (Boeing et al, 2014;
Venkatesan et al 2019). In this study we were consistent in the solvent used in the fruit and
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vegetable extractions and consistent with concentrations used, thus any impact would be
consistent across test samples and assays used’
Overall, the findings from this study are interesting, however further tests would be required as
the results are mainly preliminary. The extent of analysing the antidiabetic activity could be
increased by examining the α-glucosidase activity; another enzyme involved in diabetic activity
(Wu et al. 2015). By doing this, a more in-depth insight into the potential antidiabetic activity of
FV both individual and in combination could be found.

2.5. Conclusion
This study investigated the antioxidant, α-amylase inhibition, and anticariogenic activity of
whole FV, both individually and combined. Data suggests that while the FV investigated contain
antioxidant and α-amylase inhibitory compounds, combining whole FV does not necessarily
improve these bioactivities, indeed antagonistic interactions were more evident. While further
studies are required to confirm these effects in vivo, these data suggest that selecting FV
combinations for new product development requires careful consideration, as it impacts on the
potential health benefits of the products.
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Chapter 3

Novel FV beverages: development, nutritional analysis
and bioactivity.
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Abstract
Consumers are becoming increasingly aware of the relationship between food and disease, and
consequently, are seeking healthier food choices. Whole FV are associated with significant
health benefits, yet this food group is under consumed, both nationally and internationally. This
study aimed to develop novel beverages containing FV purees and additional functional
ingredients such as protein and fibre. A total of n=33 recipes were formulated over four separate
trials (trail 1-4), with multiple reformulations to enhance bioactivity, nutritional content and
sensory profile. All recipes formulated exhibited antioxidant and antidiabetic activity, however
anticariogenic effects were not observed. Four recipes from trial 4 (7A.1, 7A.2, 9.1 and 10.2) and
one recipe from trial 3 (7A.3), had significantly greater antioxidant activity (p < 0.05) than that
of a market available product, possessed α-amylase inhibitory activity (25.0 – 33.0%), and would
permit protein and fibre nutrient claims. These five novel recipes will be further developed at
pilot scale, with a view to producing a functional beverage that will appeal to young adults and
thus, potentially increase the consumption of FV in this cohort.
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3.1. Introduction
Prevalence of nutrition-related diseases, including diabetes, obesity and metabolic syndrome, is
increasing in Western countries (WHO, 2016 and Viola et al. 2016). Three main nutritional goals
have been recommended by the World Health Organisation (WHO) to reduce the risk of
developing these diseases, reduce consumption of salt, reduce consumption of saturated and
trans fats, and increase fruit and vegetable (FV) intake (WHO, 2018). Furthermore, consumers
are now themselves more aware of the role of foods and beverages in disease risk (Ogundele et
al. 2016) and thus choosing to include healthier food options and functional foods in their diet
(Kaur & Singh, 2017). Increasing evidence confirms that consumers use nutritional information,
calorie content and inclusion of specific ingredients on the food label to inform their purchase
decisions (FSAI, 2009). Therefore, encouragingly, health benefits, in addition to convenience,
now fuel consumer demand for functional foods and beverages (Kearney, 2010).
Functional foods contain biologically active compounds (Wilson et al. 2017), that provide a
health benefit beyond basic nutrition (Kearney, 2010). Functional foods can be categorised as
either conventional foods or modified foods (Clydesdale, 2004). Conventional foods are the
most basic functional food as they are still in their natural state and have not been modified by
fortification or enrichment. FV are considered conventional functional foods as they contain
several bioactive compounds including antioxidants, which play a role in the prevention of
obesity and type 2 diabetes (Vasto et al. 2014 and Greca & Zarrelli, 2012).
FV are associated with many health benefits, however the consumption of whole FV is still not
meeting the recommended levels (Larson et al. 2012). According to the National Adult Nutrition
Survey (2011), the average combined intake of FV was 192g per day which is significantly lower
than the WHO recommendations of 400g per day. This recommendation was met by only 9% of
individuals aged 18-64 years of age (IUNA, 2011). Interestingly with regards to fruit juices, 43.4%
of males and 56.6% of women consumed these daily (Bellisle et al. 2018).
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Beverages have been identified as the most popular type of functional foods for consumers due
to their ease of distribution and convenience, and their ability to meet consumer demands for
container size, shape and appearance (Sanguansri & Augustin, 2009 and Corbo et al. 2014).
Plant-derived beverages have been shown to have anti-hyperglycaemic and antioxidant effects
in vivo (Indariani et al. 2014 and Ariviani et al. 2018) and FV juices have been found to lower
blood pressure and improve blood lipid profiles (Zheng et al. 2017). Data from these studies
support and promote the inclusion of FV in the diet, particularly in the form of beverages.
To increase FV-based products for young adults, thereby potentially influencing intake, a range
of novel FV beverage formulations with different FV compositions were developed in this study
and assessed for their techno-functional properties and bioactivities (antioxidant, antidiabetic
and anticariogenic).
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3.2. Materials and Methods
3.2.1 Chemicals and reagents
All chemicals and reagents were purchased from Sigma-Aldrich with the exceptions of glacial
acetic acid (Honeywell), Muller Hinton (Neogen Culture Media) and starch (Wardle Chemicals
Ltd.). All ingredients were provided by Kerry Group, Naas.
3.2.2 Beverage formulation
The development of beverage formulations with optimal nutritional content and bioactivity,
involved a six-phase process (Figure 3.1.). Initially, nine different recipes were formulated and
their bioactivity and preliminary sensory properties were assessed (trial 1). Following this, a
second round of beverages were formulated to try and improve bioactivity (trial 2). This process
was repeated twice more (trials 3 and 4), formulation composition altered and the beverages
were re-assessed in phases 3, 4, 5 and 6 until optimal beverages were developed. This approach
resulted in a total of 4 trials and 33 beverages in total (refer to Appendix 1 Table 3 for full list of
ingredients).

52

Phase 1. Selection of FV
base
Phase 2. Recipe
Development
Phase 3. Preliminary
sensory analysis and recipe
selection
Phase 4. Assessment of
nutrient content and claims
Phase 5. Recipe
Optimisation
Phase 6. Bioactivity
Investigation
Figure 3.1. Six-phase process involved in beverage formulation and bioactivity investigation to
produce optimal beverages.
3.2.2.1. Selection of FV base
A range of RaviFruit purees (blueberry, strawberry, red pepper, mango and raspberry) from
Kerry Group were initially analysed to identify purees with greatest antioxidant potential for
inclusion in formulations. RaviFruit purees are a selection of natural frozen purees made in
France by ‘Radar Foods’, with fruit as the key ingredient. These purees were partially selected
based on previous bioactivity data generated for whole fruits, where whole blueberry,
strawberry and red pepper showed greatest antioxidant potential of all FV investigated, and
strawberry was associated with highest α-amylase inhibition. A carrot puree was also added in
order to include a vegetable product in the beverage (see Chapter 2).
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Preliminary data identified that the red pepper puree possessed greatest FRAP (41.30 ± 0.21
µmol Fe2+/gpuree) while blueberry and strawberry purees exhibited a reducing ability of 16.62 ±
0.02 and 17.07 ± 0.13 µmol Fe2+/gpuree, respectively. Blueberry, strawberry and red pepper
displayed a high DPPH scavenging ability (97.15 ± 1.39, 93.75 ± 0.42 and 92.82 ± 0.29%,
respectively) and a TPC of 368.53 ± 25.59, 238.11 ± 10.77 and 290.21 ± 25.90 mgGAE/100g
puree, respectively.
3.2.2.2. Recipe Development
Recipes were developed using the selected base formulation of blueberry, strawberry and red
pepper purees. Apple juice concentrate was also added to the base formulation to modify the
consistency (Table 3.1). As outlined in Figure 3.1, following the initial beverage formulation, reformulation occurred to optimise bioactivity. This re-formulation process was repeated two
more times, giving a total of 4 trials (initial + 3 re-formulations). Details of all formulation bases
(purees, concentrate and flavours) developed in each trial (totalling 33 formulations) are given
in Table 3.1. A full list of ingredients can be found in Appendix 1, Table 3.

54

Table 3.1. Base formulations for recipes (Trials 1 – 4)
Trial 1

Trial 2

Trial 3

Trial 4

Ingredients g/100ml
or ml/100ml
Blueberry Puree

R.1

R.2

R.3

R.4

R.5

R.6

R.7

R.8

R.9

R.10

R7A.1

R9.1

R10.2

R7A.1 (F)

R9.1 (F)

R10.2 (F)

33

17

10

20

30

10

30

30

34

34

30

34

34

30

34

34

Strawberry Puree

33

17

10

20

10

30

5

0

7

0

5

7

0

5

7

0

Red Pepper Puree

33

17

10

10

10

10

10

10

12

12

12

14

14

10

12

12

Carrot Puree

0

0

0

0

0

0

5

10

5

12

5

5

12

5

5

12

Apple Juice
Concentrate

0

8.3

11.6

8.3

8.3

8.3

8.3

8.3

7

7

7.9

6.6

6.6

8.3

7

7

Blueberry Flavouring

0

0

0

0

0

0

0

0

0

0

0

0

0

0.06

0.06

0.06

Strawberry Flavouring

0

0

0

0

0

0

0

0

0

0

0

0

0

0.06

0.06

0.06

Raspberry Flavouring

0

0

0

0

0

0

0

0

0

0

0

0

0

0.05

0.05

0.05

F: denotes recipes with added natural flavourings
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3.2.2.3 Preliminary sensory analysis and recipe selection
After each recipe formulation, sensory analysis within the Kerry Group laboratory was
conducted with a Senior Beverage Technologist. Taste, texture, aroma and appearance was
analysed and recipes with favourable attributes such as sweet tasting, attractive colour and
fruity aroma, were selected for further analysis.
3.2.2.4 Assessment of nutrient content and claims
Nutritional value of each recipe was analysed using a Kerry Group nutritional profile
spreadsheet, to determine the carbohydrate, fat and sugar content of each recipe, in addition
to establishing if the products could carry nutrient claims for fibre or protein.
3.2.2.5 Recipe Optimisation
Recipes were further modified by including additional Kerry Group ingredients including oats,
Emulgold fibre, rice and pea protein, Wellmune®, TastesenseTM and natural flavourings
(blueberry, strawberry and raspberry). Fibre and protein were added to achieve nutrient claims;
‘source of’ or ‘high in’ fibre and protein, as defined by FSAI (FSAI, 2016). Wellmune®, a yeast β1,
3/1, 6 glucan, was included as a natural ingredient, as it is clinically proven to help strengthen
the immune system and improve allergy symptoms (Talbott et al. 2014). Red pepper puree,
TastesenseTM and natural fruit flavourings were also added to the recipes to mask the bitter taste
from the protein powders. The complete recipes and ingredient quantities used in all
formulations are provided in Appendix 1, Table 3. All recipes were modified and produced in
coordination with a Kerry Group beverage specialist.
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3.2.3. Bioactivity Investigation
Antioxidant, antidiabetic and anticariogenic activity of all formulations were assessed, using
methodologies described in Chapter 2, sections 2.2.3, 2.2.4 and 2.2.5. Results of the bioassays
were used to further inform recipe optimisation and re-formulation, as outlined in Figure 3.1.
The market-product, Tropicana® Orange Juice was used for comparison purposes.
3.2.4. Statistical Analysis
All data represents the mean ± standard deviation (SD) of at least three independent
experiments. Experimental assays based on one FV preparation. Statistical significance was
analysed using a student-paired t-test (cut off point p < 0.05).
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3.3. Results
3.3.1. Antioxidant activity of beverages from trials 1 – 4
The antioxidant activity of 33 novel beverages, across 4 trials, was analysed using three
antioxidant chemical assays (DPPH, TPC and FRAP).
In trial 1, nine recipes were formulated. Recipe 2 containing oats (R2 Oats) had lowest DPPH
inhibition (38.9 ± 1.3%) and lowest FRAP (720.8 ± 91.8 µmol Fe2+/ L) (Tables 3.2. and 3.3.).
Recipes 4 and 5, also containing oats (R4 and R5 Oats), were found to exhibit lower radical
scavenging activity (39.3 ± 5.3 and 43.0 ± 5.7%, respectively), and TPC (16.1 ± 0.7 and 16.5 ± 5.0
mgGAE/100ml, respectively) compared to their equivalent fibre and protein recipes. Recipes 2,
4 and 5 containing rice protein (R2, R4, and R5 Protein) exhibited greatest radical scavenging
activity and TPC, whereas recipes 2, 4 and 5 containing fibre (R2, R4 and R5 Fibre) displayed
greatest ferric reducing ability. Furthermore, recipes 2, 4 and 5 containing rice protein, and
recipe 5 containing fibre, exhibited significantly greater (p < 0.05) radical scavenging activity and
FRAP than Tropicana® Orange Juice (Table 3.2. and 3.3.).
The recipes were further modified after trial 1 to include a carrot puree (Table 3.1.), resulting in
a further 6 recipes from trial 2 (recipes 7A, 7B, 7C and recipes 8A, 8B, 8C). Recipes containing
pea protein and fibre (7C, 8C) had a high radical scavenging activity (62.6 ± 4.59, 65.5 ± 0.85%,
respectively) and were statistically significantly greater (p < 0.05) than Tropicana® orange juice
(Tables 3.2. and 3.3.). Recipes 7A and 8A exhibited greatest TPC (14.6 ± 2.11, 14.7 ±
1.25mgGAE/100ml, respectively), which was significantly greater (p < 0.05) than Tropicana®
Orange Juice (Table 3.1 and 3.2). While there was no significant difference in FRAP data for the
6 recipes analysed, all had a reducing power significantly greater (p < 0.05) than that of
Tropicana Orange® Juice (Tables 3.1 and 3.2).
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To further improve bioactivity, selected recipes (recipe 7A and 8A) from trial 2 were altered
(Table 2.2 for composition) which resulted in 10 recipes for trial 3 (recipe 7A.1, 7A.2, 7A.3, 8A.1,
8A.2, 8A.3, 9.1, 9.2, 10.1 and 10.2). Recipe 7A.2 containing rice protein and no fibre exhibited
greatest radical scavenging activity and TPC (94.36 ± 1.13%, 20.16 ± 3.30 mgGAE/100ml,
respectively, Tables 3.2. and 3.3.). There was no statistically significant difference between the
FRAP of the trial 3 recipes (Tables 3.2. and 3.3.), but all were significantly greater (p < 0.05) than
Tropicana® Orange Juice.
To improve the flavour of the beverages Tastesense™, natural flavourings or extra red pepper
puree were added to mask the bitter taste of the proteins, and this generated trial 4 beverage
recipes (7A.1, 7A.2, 9.1 and 10.2). Recipe 9.1 containing blueberry, strawberry and raspberry
flavourings, exhibited greatest radical scavenging activity (91.2 ± 2.57%) and recipe 10.2 also
containing flavourings displayed greatest FRAP (838.5 ± 16.21 µmol Fe2+/ L) (Tables 3.2. and 3.3.).
Recipe 7A.2, which had added red pepper and no flavourings, exhibited greatest TPC (14.61 ±
0.31 mgGAE/100ml), however this was significantly lower (p < 0.05) than Tropicana® Orange
Juice. Furthermore, in both the DPPH and FRAP assays all recipes displayed antioxidant activity
significantly greater (p < 0.05) than Tropicana® Orange Juice.
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Table 3.2. Range of antioxidant results for beverages (n=33) in trials 1-4
Beverages
DPPH Inhibition (%)
TPC (mgGAE/100ml)

FRAP (µmol Fe2+/ L)

Trial 1 (n=9 recipes)

38.9 ± 1.3 - 71.7 ± 10.6

15.4 ± 4.0 – 23.6 ± 2.3

720.8 ± 91.8 – 871.2 ± 25.8

Trial 2 (n=6 recipes)

49.5 ± 4.5 – 65.5 ± 0.8

11.3 ± 2.0 – 14.7 ± 1.2

830.7 ± 19.0 – 842.4 ± 21.0

Trial 3 (n=10 recipes)

73.2 ± 13.0 – 94.3 ± 1.1

12.5 ± 0.2 – 20.1 ± 3.3

809.7 ± 18.9 – 832.8 ± 17.1

Trial 4 (n=8 recipes)

73.6 ± 9.5 – 91.2 ± 2.5

8.7 ± 0.8 – 16.4 ± 1.8

822.6 ± 39.9 – 838.5 ± 16.2

Data represents n=3 replicates. Values expressed as mean ± SD.
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Table 3.3. Antioxidant results for beverages (n=33), in trials 1-4
Recipe
DPPH Inhibition (%)
Trial 1
R2 Oats
38.92 ± 1.37*
R2 Fibre
41.30 ± 6.14*
R2 Protein
64.28 ± 15.46*
R4 Oats
39.37 ± 5.37*
R4 Fibre
44.09 ± 5.55*
R4 Protein
63.76 ± 17.17*
R5 Oats
43.03 ± 5.73*
R5 Fibre
59.49 ± 13.40*
R5 Protein
71.79 ± 10.64*

TPC (mgGAE/100ml)

FRAP (µmol Fe2+/ L)

15.45 ± 4.02*
15.58 ± 0.50*
20.50 ± 2.61
16.19 ± 0.70*
18.04 ± 3.20*
19.34 ± 5.79
16.58 ± 5.00
18.30 ± 2.60
23.69 ± 2.35

720.83 ± 91.87
864.44 ± 16.79
861.24 ± 23.35
805.63 ± 77.88
871.27 ± 25.81
858.59 ± 22.12
785.59 ± 46.11
866.60 ± 20.93
860.75 ± 9.03

Trial 2
R7 A
R7 B
R7 C
R8 A
R8 B
R8 C

53.81 ± 17.76*
49.53 ± 4.52*
62.60 ± 4.59*
57.27 ± 4.83*
63.78 ± 5.07*
65.57 ± 0.85*

14.68 ± 2.11*
13.61 ± 3.01*
13.40 ± 1.98*
14.73 ± 1.25*
13.53 ± 2.76*
11.31 ± 2.08*

839.94 ± 13.96
838.64 ± 24.51*
830.75 ± 19.03
839.10 ± 25.59
842.41 ± 21.03
836.52 ± 20.49

Trial 3
R7A.1
R7A.2
R7A.3
R8A.1
R8A.2
R8A.3
R9.1
R9.2

94.14 ± 2.39
94.36 ± 1.13
73.65 ± 9.53*
92.84 ± 2.60
76.07 ± 4.16*
73.28 ± 13.07*
92.27 ± 2.79
90.20 ± 5.36

18.94 ± 0.99*
20.16 ± 3.30
16.46 ± 1.80*
19.41 ± 1.55
18.74 ± 1.68*
14.82 ± 1.20*
14.32 ± 0.48*
12.59 ± 0.26*

809.72 ± 18.95*
810.96 ± 16.83*
831.90 ± 20.42
821.25 ± 15.53*
830.80 ± 15.05
829.70 ± 17.10
813.44 ± 18.38*
832.82 ± 17.11
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R10.1
R10.2

88.43 ± 8.37
92.97 ± 2.31

14.68 ± 1.07*
15.85 ± 1.06*

826.10 ± 15.64
820.89 ± 11.25*

Trial 4
R7A.1
76.55 ± 4.90*
14.48 ± 1.33*
803.21 ± 24.13*
R7A.2
80.99 ± 6.94*
14.61 ± 0.31*
818.21 ± 14.67*
R9.1
84.00 ± 2.97*
12.95 ± 0.47*
828.68 ± 15.64
R10.2
77.23 ± 1.17*
12.55 ± 0.51*
817.05 ± 22.17
R7A.1 (+ Flavourings)
81.92 ± 1.29*
13.96 ± 0.81*
833.95 ± 23.59
R7A.2 (+ Flavourings)
85.73 ± 3.91*
13.62 ± 0.60*
822.65 ± 39.96
R9.1 (+ Flavourings)
91.24 ± 2.57
12.16 ± 0.21*
829.19 ± 20.85
R10.2 (+ Flavourings)
83.86 ± 8.43*
8.78 ± 0.84*
838.55 ± 16.21
Data represents n=3 replicates. Values expressed as mean ± SD. * denotes value statistically significantly (p < 0.05) different to recipe with highest
antioxidant activity; R7A.2 in DPPH assay; R5 Protein in TPC assay and R4 Fibre in FRAP assay
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3.3.2. α-amylase inhibition assay of beverages in trials 1 – 4
The α-amylase inhibition activity of beverages from trial 1 ranged from 7.0 – 28.0%. Recipe 2
containing oats displayed lowest inhibition, while recipe 2 with fibre and recipe 5 with rice
protein exhibited greatest α-amylase inhibition. Reformulation resulted in an increased αamylase inhibitory activity. Recipes 7A.1, 10.2, 7A.1 (with added flavourings), 7A.2 (with added
flavourings) and 9.1 (with added flavourings) in trial 4 exhibited greatest α-amylase activity at
33.0% (Table 3.4).

Table 3.4. Range of α - amylase inhibition (%) measured for trial beverages (n=33)
Beverages

Inhibition (%)

Positive control (acarbose)

100.0

Negative control (water)

0.0

Trial 1 (n=9 recipes)

7.0 - 28.0

Trial 2 (n=6 recipes)

4.7 - 14.2

Trial 3 (n=10 recipes)

4.7 – 33.3

Trial 4 (n=8 recipes)

25.0 - 33.0

Data represents n=3 replicates. Values expressed as mean ± SD.
3.3.3. Anticariogenic activity
Antimicrobial activity against the caries causing pathogen S. mutans was not observed for the
beverages investigated. Chlorhexidine, a known inhibitor of S. mutans produced a zone of
inhibition of 20.4mm (Figure 3.2).
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Figure 3.2. Anticariogenic screening assay showing representative sample set of results. MullerHinton agar plate shows positive (0.2% chlorhexidine) and negative (water) controls and two
test samples (recipe 5 containing protein (Trial 1) and Tropicana® Orange Juice).
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3.4. Discussion
Consumers are demanding more transparency in terms of health claims on foods, ingredient
sourcing and production methods (Bord Bia, 2007). They are choosing healthy and natural food
options and are interested in the nutritional composition of the foods they are eating (Webb &
Byrd-Bredbenner, 2015), largely because of the plethora of evidence that associates a healthy
diet with reduced disease risk and improved quality of life (Mollet & Rowland, 2002). As well as
a highly nutritional product, consumers want a product that has positive organoleptic qualities,
which is an important factor to consider in product development and acceptance (Cantini et al.
2017).
Sensory analysis was carried out on the beverages by two Kerry analysts and I. For beverages
developed in trial 1, results from the sensory analysis revealed that recipes containing rice and
pea protein powders were extremely bitter and thus additional ingredients (Tastesense and
natural flavourings) were advised to be added, by a beverage specialist in Kerry Group, to mask
this bitterness. Masking bitter taste is important as sensory studies indicate that, generally,
consumers have a negative perception of bitter taste and a positive response to sweet and salty
tastes (De Cosmi et al. 2017 and Hoffman et al. 2016). In a study conducted by Barragán et al.
(2018) all participants, both male and female young adults, preferred a sweet taste, with a
second preference for a salty taste, while bitter and sour were the most disliked by the test
population. Thus, this is an important consideration in product development for young adults.
The FV beverages developed in this study were shown to contain antioxidants and promote αamylase inhibition activity in vitro. The lack of an anticariogenic effect, may be due to the use of
whole fruit purees, as previous studies have found that isolated polyphenolic compounds from
FV promoted an antimicrobial effect, but not necessarily in a whole food matrix (Ferrazzano et
al. 2011).
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Oats are increasingly favoured as ingredients due to their beneficial components, such as βglucan, functional protein, fibre, lipid and starch components and phytochemicals (Rasane et al.
2013 and Gupta et al. 2010). Interestingly, in this study the recipes containing oats
demonstrated lower antioxidant activity, when compared to recipes without oats and
containing alternative protein and fibre sources.
Four recipes in trial 4 (recipes 7A.1, 7A.2, 9.1 and 10.2) exhibited a radical scavenging activity
and ferric reducing ability significantly (p < 0.05) greater than Tropicana® Orange Juice, a
product which is currently available on the market, and they also promoted α-amylase inhibition
activity.
Nutrition information on food labels is used by consumers to help inform healthier food choices
(Benson et al. 2018), with 65% of individuals in Ireland checking the nutrition information on
food and beverage labels (Grunert & Wills, 2007). Both fibre and protein are important
components in the diet, however several factors such as price, convenience, taste or trends can
ultimately affect a population’s total intake of these nutrients (Lonnie et al. 2018). At present,
young adults consume foods such as soft-drinks, ready-to-eat products, pre-cooked meals and
snacks, most of which are deficient in fibre (García-Meseguer et al. 2017). The beverages in this
study were developed with the aim of making either ‘high in’ or ‘source of’ nutrient claims for
fibre and protein. Five of the recipes developed in this study permit nutrient claims as described
by the FSAI and EFSA, and an amber code for sugar deemed by Safefood.eu (results not
disclosed); recipe 7A.1 ‘high in’ protein and fibre, 7A.2 ‘high in’ protein, 7A.3 ‘high in’ protein,
recipe 9.1 ‘source of’ protein and recipe 10.2 ‘source of’ protein and ‘high in’ fibre.
The inclusion of the ingredient Wellmune® to the beverages has potential to help improve
overall health, as it has been associated with decreasing urinary tract infections, increasing
mental and physical energy and reducing fatigue (Bashir & Choi, 2017).
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An unhealthy diet is characterized by high fat and sugar consumption, and a low FV intake
(Jezewska-Zychowica et al. 2017). Despite the enhanced health consciousness of consumers and
importance of adequate FV consumption, over 90% of women and similarly high proportions of
men aged between 19-30 years of age, do not meet the current recommendations (Krebs-Smith
et al. 2010). In Ireland, according to the ‘Healthy Ireland Survey’ (Department of Health, 2019),
only 37% of the population adhere to FV recommendations. An effective method to promote
the consumption of FV includes drinking them in juice form (Singh et al. 2015; Bhardwaj et al.
2014 and Zheng et al. 2017). Consuming FV juices, as part of a balanced diet, has been suggested
to aid in the reduction of the risk of many diseases such as cancers, type II diabetes,
neurodegenerative diseases and CVD (Rodriguez-Roque et al. 2014). Incorporating whole FV in
a beverage form would be preferential because fruit juices often lack fibre, are less satiating and
tend to have a high sugar content (Bazzano et al. 2008). Functional beverages are widely valued
(Kausar et al. 2012) and FV beverages are commercially accepted (Davoodi et al. 2013). A
mixture of FV, not just individual FV, can give rise to synergistic bioactivity (Probst et al. 2017).
In a study conducted by Nowicka et al. (2017), a smoothie made of sour cherry puree and
flowering quince displayed a synergistic antioxidant effect in vitro, thought to be attributed to
the mix of polyphenols, vitamins, minerals and other compounds. However, there is limited
research on the bioactivities of formulated beverages containing a mixture of FV, therefore
making this research novel. This study dictates mainly preliminary results for FV beverages
containing added protein and fibre, and helps best select 5 recipes for pilot scale processing and
analysing. Before moving to pilot scale, the recipes however could undergo a more extensive
sensory analysis process with external analysts to obtain a better understanding of the sensory
profiling.
The beverages generated in this study were made with whole FV and, to the best of our
knowledge, are the first beverages produced using whole FV puree with added protein, fibre
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and Wellmune® ingredients. These products were shown to possess antioxidant and
antidiabetic properties and meet both ‘high in’ and ‘source of’ fibre and protein claims.

3.5. Conclusion
Ready-to-go functional beverages are popular due to their convenience and ease of
consumption and storage. Following four trials, four recipes (7A.1, 7A.2, 9.1 and 10.2) were
identified as having market potential, due to their antioxidant and α-amylase inhibitory
activities, presence of the functional ingredient Wellmune®, being ‘high in’ fibre and either a
‘source of’ or ‘high in’ in protein. Production at pilot scale will evaluate if processing influences
the nutritional and potential health attributes of these novel FV beverages.
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Chapter 4

Bioactivity and techno-functional properties of novel FV
beverages following pilot scale production.
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Abstract
This study aimed to evaluate the impact of processing on the bioactivity and techno-functional
properties of FV beverages. Five novel FV beverages, initially developed and assessed at labscale, were produced at pilot scale.

Following processing, antioxidant, antidiabetic and

anticariogenic properties were analysed in vitro. Techno-functional properties were
characterised (viscosity, volatile analysis, colour composition and sedimentation) at baseline
and 3 weeks post-production. Ascorbic acid content of all beverages was measured by DCPIP
titration. Pilot-scale processed beverages had significantly (p < 0.05) increased TPC and
decreased FRAP in comparison to pre-processed beverages. The vitamin C content of the
beverages was also significantly (p < 0.05) increased after processing. DPPH radical scavenging
activity and α-amylase inhibitory properties were unaffected by large-scale production
processes. The viscosity of the beverages decreased when shear rate or temperature was
increased. Following 3 weeks of storage, a slight colour change in all beverages could be seen,
but only through close observation, and an increase in volatile compounds was observed in all
recipes following storage. One of the recipes (RP2) was selected as the optimal beverage due
to its high TPC, DPPH radical scavenging activity, α-amylase inhibition properties and vitamin C
content post-processing, and there was no major colour change in this beverage after 3 weeks
of storage. Data from this study, indicates that processing did not alter DPPH radical scavenging
activity, antidiabetic or anticariogenic properties of the beverages, yet had an impact on TPC,
FRAP activity and vitamin C content. It is therefore important to consider the impact of
processing when developing new FV-based products.
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4.1. Introduction
Fruits and vegetables (FV) are an abundant source of a range of bioactive compounds that
promote general health and wellbeing and contribute to the reduction of chronic disease risk
(Henning et al. 2017 and Boeing et al. 2012). Many FV, including citrus fruits, kiwi, mango,
peppers, broccoli, carrots, strawberries and tomatoes, are a rich source of antioxidant
compounds, including vitamin C (Lykkesfeldt et al. 2014; Sir Elkhatim et al. 2018 and Wunderlich
et al. 2008). Despite the health benefits of FV consumption, more than 75% of the global
population do not consume sufficient amounts of FV (Hall et al. 2009 & Sachdeva et al. 2013).
This may be related to several factors including price, access to FV, consumer awareness and
taste preference (Sachdeva et al. 2013). FV beverages are an attractive way of promoting
increased daily intake of FV and are well received by young adults (Ferreira et al. 2013).
FV beverages however, can have limited shelf-life due to their susceptibility to spoilage and
quality degradation over time (Buzrul et al. 2008). The latter relates to alterations in colour,
flavour and texture of the product, and resulting discolouration or increase of volatile
substances, which can impact the flavour sensation or aroma of the product (Chambers &
Koppel, 2013). The appearance of a beverage forms the first impression for the consumer affects
consumer acceptability (Zou et al. 2017) and influences consumer choices (Clydesdale, 1993).
Indeed, the association between food acceptability and colour is initiated in early life and
remains with us throughout our lifespan (Clydesdale, 1993). Certain colours such as blue or
green mould on food, or off-colours in meats, fruits, and vegetables, alert consumers to
potential danger or off-flavours (Wheatley, 1973). The colour brown has also previously been
associated with spoilage in a beverage, and is not readily accepted by consumers (Spence, 2015).
Exposure to light can promote the degradation of some foods and beverages by oxidising the
lipids, vitamins and natural pigments within the foods, which can cause colour change in the
product, formation of unpleasant off-flavours, and loss of nutritional value (Beckbölet, 1990).
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Thus, exposure of photosensitive foods and beverages to light should be limited to maintain the
quality and nutritional benefits of the food or beverage (Manzocco et al. 2008).
The use of mild thermal treatments can increase shelf-life while maintaining product quality
(Catillejo et al. 2017), with the treatment parameters influencing shelf-life. For example, a juice
blend containing the fruit amla, processed at 75°C for 25 secs retained a shelf-life for 45 days
once refrigerated (Rathod et al. 2014), whereas a mixed beverage containing Litchi, processed
at 95°C for 5 mins retained a shelf-life of 80 days (Swami Hulle & Rao, 2016).
During the beverage production process volatile substances can be generated (Llorente et al.
2011). These substances are present in the raw materials, introduced during the technological
process and/or created during storage of food products (Llorente et al. 2011). The presence and
amount of these volatile substances in the food products can significantly impact its quality,
therefore analysis of volatiles can contribute valuable information regarding the organoleptic
properties of a food or beverage (Plutowska & Wardencki, 2007).
Similarly, the viscosity of a product contributes to its sensory characteristics and should be
considered in beverage production (McCrickerd et al. 2014 and Saravacos, 1970). In line with
consumer preferences, FV beverages and purees should have a ‘smooth flow behaviour’ and
‘natural mouth feel’ (Pramudya & Seo, 2018). Furthermore, viscosity data can help maximize
production efficiency and cost effectiveness in the food production process, as the design and
evaluation of food-processing equipment such as filters, mixers, pumps, piping, evaporators,
sterilizers and heat exchangers rely heavily on viscometric data (Saravacos, 1970).
This study examined the techno-functional properties of novel FV beverage formulations
produced at pilot scale. The impact of processing on the bioactivity and ascorbic acid content of
these beverages was also investigated. Results of this study will facilitate the selection of a high
quality novel FV beverage with optimal bioactivity and techno-functional characteristics which
will appeal to young adults.
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4.2. Materials and methods
4.2.1. Chemicals and Reagents
All chemicals and reagents were purchased from Merck (Ireland), with the exception of glacial
acetic acid (Honeywell, England), Muller Hinton Agar (Neogen Culture Media, England) and
starch (Wardle Chemicals Ltd, England). All ingredients for beverages were sourced from Kerry
Group (Global Innovation Centre, Naas, Co. Kildare, Ireland).
4.2.2. Beverage Ingredients and Preparation
From previous lab-scale trials (see chapter 3) a total of 5 recipes were selected based on their
antioxidant and α-amylase inhibitory activities. These recipes contained the functional
ingredient Wellmune®, were ‘high in’ fibre and were a ‘source of’ or ‘high in’ protein (extended
data in Appendix, Table 1).
The following recipes were developed in consultation with a Kerry Group beverage specialist
and I. Each recipe was prepared to a final volume of 2.5L with water and pasteurized at pilot
scale using the Tubular Armfield UHT/HT ST FT74 System (Figure. 4.1). Water was first pumped
through the Armfield Tubular heat exchanger at 100% high speed to rinse the pipes. The desired
flow rate (22%) and temperature (85°C) were set and once processing conditions were achieved,
the samples were added to the feed tank. When collecting samples, the first 800ml was
discarded and the remainder of sample was then collected into plastic bottles and stored at 4°C
until further analysis. These pilot-scale FV beverage products were designated RP1, RP2, RP3,
RP4 and RP5, and a summary of the ingredients contained in each of these recipes is given in
Table 4.1.
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Figure 4.1. Tubular Armfield UHT/HT ST FT74 System used to heat treat samples
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Table 4.1. Summary of ingredients contained in each of the five recipes.
Recipe
Ingredient

RP1

RP2

RP3

RP4

RP5

Apple juice
concentrate
Blueberry puree

✔

✔

✔

✔

✔

✔

✔

✔

✔

✔

Strawberry puree

✔

✔

✔

✔

X

Red Pepper puree

✔

✔

✔

✔

✔

Carrot puree

✔

✔

✔

✔

✔

Rice protein
(HYP rol 5312)
Pea protein
(HYP rol 7305)
Emulgold fibre

✔

✔

X

✔

✔

X

X

✔

X

X

✔

X

X

X

✔

Wellmune

✔

✔

✔

✔

✔

Tastesense

✔

✔

✔

✔

✔

Natural
flavourings
Water

✔

✔

✔

✔

✔

✔

✔

✔

✔

✔

✔ indicates the presence and X denotes the absence of a specific ingredient in each recipe,
however quantities of ingredients differ between recipes and these data are fully detailed in
Appendix 1, Table 1.
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4.2.3. Bioactivity investigations
The impact of processing on antioxidant, antidiabetic and anticariogenic activity of the
beverages pilot scale beverages was carried out using in vitro chemical-based methodologies,
which are described in Chapter 2 sections 2.2.3, 2.2.4 and 2.2.5.
4.2.3. Techno-functional properties
After processing, the beverages were analysed for potential colour change and compound
degradation releasing volatile components at baseline and 3 weeks post-processing. Viscosity
and sedimentation studies were also completed. During the 1 and 3 week storage beverages
were kept at 4 °C.
4.2.4.1. Colorimetry
Beverage colour was measured at baseline (day 0) and following 1- and 3-weeks using a
colorimeter (Konica Minolta Chroma Meter CR-400). Approximately 15ml of beverage was
analysed in the colorimeter and three parameters were measured; the ‘L’ value indicating the
level of light or dark, the ‘a’ value indicating redness or greenness, and the ‘b’ value indicating
yellowness or blueness. All three values are required to completely describe a colour of a
product (Whetzel, 2016). Using the ‘L’, ‘a’ and ‘b’ values at different time points, ΔE is calculated
using the following formula: √(L2-L1)2 + (a2-a1)2 + (b2-b1)2, which indicates the level of colour
difference observed in the beverage over time. This value can then be interpreted as a
perception level (Table 4.2).
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Table 4.2. Difference in colour perception based on Delta E (ΔE) values (sourced from Mokryzcki &
Tatol, 2012).
Delta E value (ΔE)
Perception level
<1.0

Not perceptible by human eyes

1-2

Perceptible through close observation

2-10

Perceptible at a glance

11-49

Colours are more similar than opposite

100

Colours are exact opposite

4.2.4.2. Viscosity
The viscosity [mPa·s] of all beverages was determined using a rheometer (Rheometer Anton
Paar 301, CC27) under conditions of increasing temperature and shear rate. The samples were
initially subjected to a constant shear rate ramp of 50/s, and an increase in temperature from 4
- 90°C. Then the samples were subjected to a constant temperature of 4°C, with an increase in
shear rate from 5 – 1000/s].
4.2.4.3. Sedimentation analysis
The amount of sedimentation was quantified in the beverages using centrifugation (Multifuge 3
S-R Heraeus). Briefly, 15ml of beverage was centrifuged at 3000rpm for 15 minutes at 4°C. The
sediment pellet was measured in grams (g) and the % sedimentation was calculated as follows:
Sedimentation (%) = [Sediment (g)/ Total volume (ml)] x 100
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4.2.4.4. Volatile analysis
Beverages were analysed using Gas Chromatography –Mass Spectrometry (GC-MS), using solid
phase micro extraction (SPME) as the sampling technique, and according to standard Kerry
Group methodologies. Briefly, 1.6g of beverage was weighed into a headspace vial and the vial
was capped. The chromatographic conditions were as follows; HP-5 chromatographic column,
column oven temperature 50°C, injection temperature 250°C, sampling time 1min, pressure
250.0 kPa and column flow 5.15 mL/min. Peaks were identified by comparison of the mass
spectral profile with that from current mass spectral libraries for the identification of flavours
and fragrances.
4.2.5. Vitamin C analysis
Vitamin C analysis of samples was determined using a method described by Pisoschi et al. (2009),
with some modifications. A 1ml volume of sample was mixed with 9mls of 10% acetic acid and
titrated against 0.001M DCPIP (Pisoschi et al. 2009). A standard curve was obtained by titrating
a mixture of ascorbic acid (0-80mg) and 10% acetic acid with DCPIP (0.001M). This standard
curve was used to calculate obtained absorbance values and concentration expressed as mg
ascorbic acid/100ml beverage.
4.2.6. Statistical Analysis
All data represents the mean ± standard deviation of at least three independent experiments.
Statistical analysis was carried out using Microsoft Excel. Statistical significance was determined
using a paired student t-test and defined as p < 0.05.
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4.3. Results
4.3.1 Bioactive properties

4.3.1.1 Antioxidant activity of beverages pre- and post- processing

The antioxidant properties of the pilot-scale beverages were compared to the lab-scale preprocessed beverages (from trial 4) to examine the impact of processing on this bioactivity.
Recipe 1 (RP1) was the only recipe for which a statistically significant difference (p < 0.05) in
radical scavenging properties was observed between the pre- and post-processed samples, with
the % DPPH inhibition significantly decreasing from 81.9 ± 1.2% to 71.1 ± 3.3% respectively. TPC
and FRAP of pilot scale beverages, were statistically significantly different (p < 0.05) to the preprocessed recipes, with TPC significantly increasing (p < 0.05) (Figure 4.3) and FRAP significantly
decreasing (p < 0.05) post-processing (Figure 4.4).
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Figure 4.2. DPPH radical scavenging activity of beverages pre- and post- processing. Values
expressed as mean ± SD. Data represents n=3 replicates. * Denotes value statistically
significantly different to pre-processing value (p < 0.05).
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Ferric Reducing Antioxidant Power
(µmol Fe2+/ L)

Figure 4.3. Total phenolic content of beverages pre- and post- processing. Values expressed as
mean ± SD. Data represents n=3 replicates. * Denotes value statistically significantly different to
pre-processing (p < 0.05).
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Figure 4.4. Ferric reducing antioxidant power activity of beverages pre- and post- processing.
Values expressed as mean ± SD. Data represents n=3 replicates. * Denotes value statistically
significantly different to pre-processing (p < 0.05).
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4.3.1.2. Anticariogenic activity
None of the pilot-scale products possessed S. mutans inhibitory activity. The positive control,
0.2% chlorhexidine, inhibited the growth of S. mutans, producing a clear zone of 23.1 ± 0.2 mm.

4.3.1.3 α-amylase inhibition assay
There was no statistically significant difference (p < 0.05) between α-amylase inhibition activity
of recipes before and after processing (Table 4.3). The positive control acarbose, a known αamylase inhibitor, displayed no zone of α-amylase activity, indicating 100% inhibition of the
enzyme (Table 4.3).
Table 4.3. Comparing the α-amylase inhibition activity (%) of pre- and post- processed recipes
Sample
Inhibition (%)
Pre-processing
Post-processing
Negative control (water)
0.0
0.0
Positive control (Acarbose) 100.0
100.0
RP1
33.0
25.0
RP2
33.0
33.3
RP3
33.0
41.6
RP4
33.0
33.3
RP5
25.0
33.3
Values expressed as mean ± SD. Data represents n=3 replicates. * Denotes value statistically
significantly different to pre-processing (p < 0.05)

4.3.2. Techno-functional analysis
Four techno-functional properties were assessed post-processing; evaluation of colour
differences, viscosity, sedimentation and volatile analysis.
4.3.2.1. Colorimetry
After evaluating potential differences in colour, no perceptible difference was observed in the
colour of the processed recipes RP1, RP2 and RP5, following 1 and 3 weeks storage (Table 4.4).
After 3 weeks, a perceptible difference in colour change was observed through close observation
for recipe RP3. Recipe RP4 had greatest colour change over time, with a difference perceptible
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through close observation recorded after 1 week, which remained after a further 2 weeks (Table
4.4).
4.3.3.1. Viscosity
As can be seen in Figure 4.5 (a), the beverages had different starting rates of viscosity with recipe
RP5 being the most viscous (560.03 mPa.s). As the shear rate increased from 0-100/s, beverage
viscosity decreased at a similar rate. Similarly, as the temperature increased from 0-90°C, the
viscosity of the beverages decreased (Figure 4.5b). The water sample remained at a constant
viscosity as the shear rate increased, however similar to the beverages, viscosity slightly
decreased as the temperature increased.
4.3.3.2. Sedimentation
All beverages had some degree of sedimentation (Table 4.5), with recipe RP4 displaying the most
(30.0%) and recipe RP2 displaying the least amount of sedimentation (20.0%).
4.3.3.3. Volatile Analysis
GC-MS chromatograms identify that the 5 pilot scale beverages have similar volatile compound
profiles, however a difference was recorded between baseline and 3 weeks post-production
data (Figures 6a and 6b). At baseline, 32 peaks were identified in all beverages and those at the
highest concentration include methyl 2 – methyl butyrate, Z-3-Hexenyl acetate, and styrallyl
acetate and menthyl cinnamate (Figure 6b). When reanalyzed, 3 weeks post-production, there
was an increase in the number of compounds present in all beverages suggesting that
degradation had occurred, therefore increasing the number of metabolites. Originally 32
chromatogram peaks were identified in all beverages, but after 3 weeks, this number increased
to 58 (Table 2, extended data in Appendix 1). The original 32 compounds were not present 3
weeks post-production, except for 5 compounds; hexanal, hexanoic acid, limone, citronellol and
α-ionone, all of which have citrus, fruity flavors apart from hexanoic acid which imparts a fatty,
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cheesy odor. The volatile compounds with the highest concentrations post-production in all
beverages included octanal, Cis 4 Heptenal, dihydrocarveol and cinnamaldehyde (Figure 6b).
These compounds are used as flavor ingredients and can provide a fruity, minty and creamy
flavor to a product.
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Table 4.4. Perceptible colour differences in all processed beverage recipes, 1- and 3-weeks post-production.
Beverages
L* Average
a* Average
b* Average
ΔE
Perception of colour difference
RP 1
Baseline
27.37
4.54
-3.41
n/a
n/a
1 week post-production

27.42

4.47

-3.27

0.1672

Not perceptible by human eyes

3 weeks post-production
RP 2
Baseline

27.40

4.36

-3.32

0.2035

Not perceptible by human eyes

27.41

4.31

-3.43

n/a

n/a

1 week post-production

27.44

4.26

-3.39

0.0687

Not perceptible by human eyes

3 weeks post-production
RP 3
Baseline

26.90

3.90

-3.64

0.6872

Not perceptible by human eyes

26.98

4.95

-3.29

n/a

n/a

1 week post-production

27.09

4.87

-3.09

0.2436

Not perceptible by human eyes

3 week post-production
RP 4
Baseline

26.3

4.48

-3.78

1.1718

Perceptible through close observation

27.77

5.32

-2.91

n/a

n/a

1 week post-production

26.27

6.12

-3.25

1.7403

Perceptible through close observation

3 week post-production
RP 5
Baseline

26.71

5.59

-3.40

1.1997

Perceptible through close observation

27.46

5.43

-3.13

n/a

n/a

1 week post-production

27.53

5.45

-2.77

0.3683

Not perceptible by human eyes

3 week post-production
26.91
5.25
-3.33
0.6154
Not perceptible by human eyes
ΔE: delta E; a measurement for understanding how the human eye perceives colour difference. n/a signifies the absence of a colour difference at baseline
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Figure 4.5a. Degree of viscosity (mPa.s) of beverages 1-5 with increasing shear rate and constant
temperature (4°C).
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Figure 4.5b. Degree of viscosity (mPa.s) of beverages 1-5 with increasing temperature and
constant shear rate 50/s.
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Table 4.5. Amount of sedimentation (%) in processed beverages
Beverage
Sedimentation (%)
RP1
26.6 ± 0.00
RP2
20.0 ± 0.00
RP3
23.0 ± 0.10
RP4
30.0 ± 0.05
RP5
26.8 ± 0.05
Values expressed as mean ± SD. Data represents n=3 replicates
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Figure 4.6a. Chromatograms of beverages at baseline

Figure 4.6b. Chromatograms of beverages 3 weeks post production
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3.8 Vitamin C analysis
Vitamin C content of all recipes significantly increased (p < 0.05) post-processing (Figure 4.7).
Beverage RP2 post-processing was found to have the highest content of vitamin C (23.7 ±
0.1mg/ml ascorbic acid) of all formulated beverages (Figure 4.7).
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Figure 4.7. Vitamin C analysis of trial 4 and trial 5 beverages. Data represents n=3 replicates.
Values expressed as mean ± SD. * Denotes value statistically significantly different to preprocessing (p < 0.05).
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4.4. Discussion
In recent years, consumer awareness of the relationship between food and health has increased,
and this has led to an expansion in the functional food market (Mantzourani et al. 2018).
Functional foods encompass foods that contain ingredients, in addition to traditional nutrients,
which can impart nutritional and physiological benefits to the consumer (Ye et al. 2018).
Functional foods are also well received by young adults due to the growing awareness of their
health promoting properties (Marina et al. 2014). High quality and healthy beverages in
particular are highly desired by consumers for their convenience and health promoting
properties (Kieling et al. 2019). The quality of a beverage, either sensory or nutritional, after
processing, should be consistently evaluated to ensure a high- quality product is obtained.
In this study the antioxidant properties of FV beverages prior to and following processing were
compared. While the DPPH radical scavenging activity did not consistently change after
processing, TPC significantly increased (p < 0.05). Studies on the effect of heat treatment on TPC
are conflicting (Chipurura et al. 2010), with both increases (Fanasca et al. 2009; Kim et al. 2006,
Scalzo et al. 2004 and Choi et al. 2004) and decreases (Lima et al. 2009) post-heat treatment
reported for fruits and vegetables, and associated products. Inchuen et al. (2011) suggested
increased TPC post-treatment may be attributed to the release of phenolic compounds from a
food matrix, due to the disruption of plant cell walls during heat treatment. These results concur
with a previous study on orange juice, which reported that thermal treatment generally induced
an increased release of phenolic compounds, including anthocyanins and total cinnamates
(Scalzo et al. 2004). Choi et al. (2006) also reported that heat treatment of Shiitake mushrooms
increased the overall polyphenolic and flavonoid content and suggested that bound
polyphenolic and flavonoid compounds were liberated by heat treatment. Liberation of phenolic
compounds has also been attributed to the increased TPC in grape seeds post-heat treatment
(Kim et al. 2006). The increase of polyphenols post processing could impart significant health
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implications including cardioprotective, osteoprotective, cholesterol lowering and antiinflammatory properties (Ganesan & Xu, 2017).
FRAP significantly decreased (p < 0.05) post-processing. Poiana et al. (2011) also observed a
significant loss of FRAP in strawberries following thermal processing. While it is difficult to
identify a hypothesis for this effect, Xu et al. (2007) did report that longer heating times in citrus
fruit can cause a reduction in antioxidant properties.
Although all beverages had some degree of α-amylase inhibition, there was no significant
difference (p < 0.05) for the pre- and post-processed beverages. To the best of our knowledge
there is limited research on the effect of processing on enzyme inhibition properties, however
one study did report that heat did not affect the amylase inhibitory properties of sorghum seeds
(Mulimani & Supriya, 1993).
Regarding the impact of processing on the techno-functional properties of the beverages,
certain beverages (RP3 and RP4) had perceptible changes in colour through close observation
three weeks post-production. RP4 however also demonstrated a change in colour through close
observation after 1 week of storage. Colour loss during processing and storage may be caused
by a low stability of natural pigments, such as anthocyanins. Various physiochemical parameters
can influence the stability of anthocyanins, such as pH, light exposure, temperature and
complexation with other compounds in a beverage matrix, which thus causes colour fading
(Cortez et al. 2016). The colour of a product is extremely important to consumers as it
constitutes one of the most salient visual cues relating to sensory properties, such as flavour and
taste (Spence, 2015). Method of retail display is also important as exposure time and packaging
can directly cause quality depletion (Manzocco et al. 2008), therefore if the beverages in this
study were to go to market, they would require opaque or non-translucent packaging to protect
them from light.
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In the current study, increasing temperature and shear rate, decreased beverage viscosity.
These results agree with Saravacos (1970) and Adebowale & Sanni (2011) who found that high
shear rates were effective in reducing the viscosity of fruit purees. Consumer preferences can
be influenced by genetic, psychological and environmental factors, but also by specific product
attributes, such as how it impacts their senses (Redondo et al. 2014). Textural properties that
consumers generally find undesirable include lumpy, slimy and gritty textures (Food Business
News, 2013). Key words associated with favourable textures include crunchy, chewy, rich, thick,
melted, soft, and creamy (Jeltema et al. 2015). The beverages produced in this study had a
smooth thick consistency, which are textures desired by young adult consumers. In addition to
consumer acceptability, beverage viscosity also impact the processing and handling of beverage
products (Hobani, 1998). The knowledge of the flow properties is important for heating, cooling,
mass transfer, pasteurization and homogenization (Hobani, 1998).
In this study sedimentation was recorded for all beverages, which may be influenced by the
protein content. LaClair & Etzel (2009) detailed that heat treatment can lead to protein
denaturation and formation of protein aggregates in beverages, but further studies are required
to explore the formation of a sediment layer during product storage (LaClair & Etzel, 2009). The
current study exhibited higher amounts of sedimentation in beverages that contained a ‘source
of’ protein. Previous reports also suggest that polyphenols contribute to juice sediments (Fang
et al. 2006). In a study conducted by Zou et al. (2017), the sedimentation in mulberry juice was
analysed and data indicated that phenolic compounds were largely responsible for the sediment
formation, with other components including proteins, pectin and cell wall fragments also
present.
The volatile profile of a food product is important to assess the quality of the product (Ferragut
et al. 2015). In the present study, there was a substantial increase in the number of volatile
compounds present after 3 weeks of storage. Of the original 32 compounds, only 5 remained at
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3 weeks; hexanal, limone, citronellol and α-ionone, all of which have citrus, fruity flavors, and
hexanoic acid which imparts a fatty, cheesy odor. In a similar experiment by Valero et al. (2001),
an increase in volatile components were identified in milk after storage. It is thought that these
components are formed by proteolysis. The volatile compounds with the highest concentrations
post-production in all beverages in the current study included octanal, Cis 4 Heptenal,
dihydrocarveol and cinnamaldehyde. These compounds are used as flavor ingredients in the
food industry and can provide a fruity, creamy, minty and cinnamon flavor, respectively. Volatile
compounds can play a key role in the formation of the flavor of a food product (Aprea et al.
2015) and are likely to play a key role in determining the perception and acceptability of
products by consumers. Thus, the identification of key volatile flavor metabolites that carry
unique scents/flavors of natural fruits and vegetables is essential (El Hadi et al. 2013). The
formation of the aforementioned compounds therefore potentially provide a positive aroma
and flavor to the beverage.
The vitamin C content of all beverages increased after processing, but it is not fully understood
why this occurred. In a study conducted by Gil-Izquierdo et al. (2002), mild and standard
pasteurization techniques were found to increase the total vitamin C content of orange juice.
However, it is important to recognise that this increased activity detected by DCPIP may be due
to increases in other reducing agents that formed after pasteurisation. This warrants further
investigation. Four of the beverages however (RP1, RP3, RP4 and RP5) can still claim a ‘source
of’ vitamin C, containing greater than the recommended 6mg/100ml (FSAI, 2016) and beverage
RP2 can make the claim ‘high in’ vitamin C as it is above the required level of 12mg/ml (FSAI,
2016).
Following detailed analysis of the bioactivity, techno-functional properties and sensory
attributes, beverage RP2 was considered to be the most favourable beverage; with greatest
radical scavenging activity, TPC and high α- amylase inhibitory properties. In addition, shelf-
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stability of this beverage was favourable as no colour change perceptible to human eyes was
observed after 3 weeks. Beverage RP2 displayed lowest sedimentation (20.0%) and can claim a
‘high in’ source of vitamin C, according to the FSAI (2016). This recipe can also be marketed as a
gluten free, vegan friendly product, with a ‘high in’ protein claim. The product had a purple
colour and a sweet, pleasant, fruity aroma, which are consumer-desirable attributes (Woods &
Spence, 2016 and Hoffman et al. 2016). These beverages however are analysed in vitro only,
therefore future in vivo studies would be required to examine the antioxidant, antidiabetic and
anticariogenic potential at a much higher level. The in vitro findings can be used as preliminary
results before carrying out a more in depth analysis at in vivo level, which would be required.

4.5. Conclusion
Five FV beverages were produced at pilot scale. Processing of the beverages resulted in
significant alterations to TPC, FRAP and vitamin C content, but not radical scavenging or αamylase inhibition activity. Bioactivity and techno-functional analysis identified one recipe, RP2,
to be most favourable for the target market, young adults. This recipe had antioxidant and αamylase inhibitory activity, good shelf-stability and a vitamin C content permitting use of the
‘high in vitamin C’ claim. It can also be marketed as gluten free and vegan friendly therefore
making it an ideal product for market.
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Thesis Summary
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A diet with a plentiful intake of fruits and vegetables (FV) is widely recommended due to the
beneficial health effects FV provide (WHO, 2019). A variety of FV equating to 400g or at least
five portions should be consumed daily by young adults, according to the World Health
Organisation (WHO, 2018). However, these recommendations are often not adhered to by the
public, and it has been found that almost three-quarters (73%) of the Irish population aged 14
years and over eat less than the recommended dietary allowance (RDA) (Healthy Ireland Survey,
2016). A diet rich in FV is important in young adults in order to live a healthy lifestyle and help
prevent the risk of developing type 2 diabetes, obesity, cardiovascular disease (CVD) and
osteoporosis in later years (Everitt et al. 2006 and Park et al. 2011). It is thought that the
potential of FV to prevent disease is attributed the presence of phytochemicals (RodriguezCasado, 2016), specifically saponins, flavonoids, isothiocyanates and carotenoids (Asif, 2014).
While the aforementioned individual phytochemicals in FV have been associated with health
benefits in isolation, it is the intake of whole FV that is considered to be more beneficial than
the single isolated constituent (Rodriguez-Casado, 2016). Synergistic interactions between an
array of phytochemicals with the FV matrix is attributed to the benefits of whole FV (Liu, 2013).
Synergy, or food synergy, occurs when the action of the food matrix on human biological
systems is greater than the corresponding actions of the individual food components (Jacobs et
al. 2009). Conversely, an antagonistic interaction occurs when the sum of the combined effects
is less than that of the individual components (Wang et al. 2011).
FV consumption is initially influenced by the home environment where the purchase and intake
of FV should be encouraged from a young age, and therefore shaping favourable taste
preferences for FV (Larson et al. 2012). Strategies to increase the intake of FV have been
explored such as the introduction of pre-packaged and pre-cut FV products, which provide an
easy and convenient way to consume FV (Malden et al. 2017). Functional FV juices have been
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developed also which contain an array of beneficial nutrients and can be consumed by all sectors
of the population (Suna et al. 2013 and Luckow & Delahunty, 2004).
As the need for novel, convenient and cost-effective FV products increase, the aim of this
research was to develop a novel functional beverage containing FV and beneficial ingredients,
to help promote the intake of FV in young adults. The overall aim was to develop optimum
beverage/s, with enhanced bioactive properties (antioxidant, antidiabetic and anticariogenic)
demonstrated in vitro and following pilot scale production.
Initially, FV were selected for their bioactivity based on findings in published literature. A range
of whole FV including blueberry, strawberry, red grape, red pepper, red and green apple, carrot
and sweet potato, were selected for initial screening of three antioxidant assays; DPPH radical
scavenging activity, total phenolic content (TPC) and ferric reducing antioxidant potential
(FRAP), antidiabetic potential using the α-amylase inhibition assay and anticariogenic potential
using Streptococcus mutans to determine antimicrobial activity. Following this, FV were
combined to examine potential synergistic or antagonistic interactions. Red grape possessed
low bioactivity, whereas blueberry, strawberry, red pepper and sweet potato exhibited greatest
activity among antioxidant and antidiabetic assays. It was found that when FV with low
bioactivity was combined with that of high activity, a synergistic interaction resulted in DPPH
radical scavenging and α-amylase inhibition assays. An anticariogenic effect was not observed
in either individual or combined FV.
Following screening of FV and combinations thereof, blueberry, strawberry and red pepper
RaviFruit purees, along with an apple juice concentrate were selected as a base for FV
formulations. Additional Kerry Group ingredients including protein hydrolysates, oats and fibre
were added to optimise bioactivity and/or permit nutrition claims. Four trials were initially
carried out, resulting in a total of 33 beverages, which were reformulated to enhance bioactivity.
This resulted in the selection of 5 recipes (RP1-5) for pilot scale production. Following processing
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and storage, techno-functional properties (volatile analysis, colour composition, viscosity and
sedimentation), bioactivity and vitamin C content were analysed. Results from this trial allowed
selection of an optimal beverage with market potential, namely recipe 2 (RP2). It is thought that
this recipe would best fit consumer demand as it has high antioxidant activity (TPC; 28.7 ±
0.6mgGAE/100ml) and antidiabetic potential (33.3 ± 0.0% α-amylase inhibition). It is ‘high in’
vitamin C (23.7 ± 0.1mg/ml ascorbic acid) and protein (20%), as regulated by the FSAI. Recipe 2
(RP2) also exhibited optimal techno-functional properties after processing with the lowest
amount of sedimentation (20.0 ± 0.0%) and no major colour changes after 3 weeks of storage.
This recipe has the added benefits of the functional ingredient Wellmune®.
This research is limited to in vitro analysis. Further studies could examine the impact of the
beverages on live animals such as rodents or rabbits or even humans to determine their
bioactivity effects in vivo. Another limitation includes the unknown compounds which
contribute to such antioxidant and antidiabetic activity. A future study could characterise these
compounds in order to determine which exact FV components promote bioactivity.
The strengths of this study include the novelty of this research. Previous studies examine the
bioactivity of individual extracts whereas this study focused on whole FV as well as their
potential synergistic and antagonistic interactions. Another strength included the input from
Kerry Group, the use of their equipment to produce the novel beverages and examine their
techno-functional properties.
In conclusion, a range of beverages containing FV purees and beneficial Kerry Group ingredients
were optimised and analysed for their bioactivity and techno-functional properties. The most
optimal recipe was then chosen as a potential product for market, which in turn may help
increase the consumption of FV among young adults.
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Table 1. Ingredient composition of recipes in trial 5
Recipe Code
Ingredients:
RP1
Apple juice concentrate
207.50
(g/2500ml)
Blueberry
750.00
(g/2500ml)
Strawberry
125.00
(g/2500ml)
Red Pepper
250.00
(g/2500ml)
Carrot
125.00
(g/2500ml)
HYP rol 5312
90.00
(g/2500ml)
HYP rol 7305
0.00
(g/2500ml)
Fibre (Emulgold)
20.50
(g/2500ml)
Wellmune
2.00
(g/2500ml)
Tastesense
2.50
(g/2500ml)
Blueberry Flavoring
1.50
(g/2500ml)
Strawberry Flavoring
1.50
(g/2500ml)
Raspberry Flavoring
1.25
(g/2500ml)

Recipe Code
RP2
207.50

Recipe Code
RP3
207.50

Recipe Code
RP4
172.50

Recipe Code
RP5
172.50

750.00

750.00

850.00

850.00

125.00

125.00

175.00

0.00

250.00

250.00

300.00

300.00

125.00

125.00

125.00

300.00

90.00

0.00

55.00

52.50

0.00

87.50

0.00

0.00

0.00

0.00

0.00

12.50

2.00

2.00

2.00

2.00

2.50

2.50

2.50

2.50

1.50

1.50

1.50

1.50

1.50

1.50

1.50

1.50

1.25

1.25

1.25

1.25
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Water
(ml/2500ml)

923.25

933.75

946.25

813.75

803.75
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Table 2. Retention times of compounds at baseline and 3 weeks post production
Retention Time (mins)

Compound Baseline

1.8

Ethanol

2.0

Acetic acid

2.1

Ethyl acetate

3.2

Methyl butyrate

3.6

Lactic acid

4.2

Methyl 2 – methyl butyrate

4.5

Hexanal

4.7

Ethyl butanoate

5.8

Methyl 2 – methyl butyrate

6.0

Cis-3-hexen-1-ol

6.3

Isoamyl acetate

6.6

Styrene monomer

8.5

Hexanoic acid

8.9

Linalyl butyrate

9.0

Z-3-Hexenyl acetate

9.1

Hexyl acetate

9.5

P-cymene

9.6

Limonene

9.8

B-Ociemene

10.0

E-b-Ociemene

10.2

G-Terpinene

10.7

Dihydroparancymene

10.9

L-Linalool

12.4

Styrallyl acetate

13.2

Citronellol

14.3

Menthyl acetate

15.1

Citronellyl isobutyrate

15.5

Menthyl cinnamate

16.3

a-ionone

16.6

Artemisia alcohol

17.2

b-ionone

18.0

Trans-g-Bisabolene

18.8

Tetrahydrofuryl methyl carbonyl acetate
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Retention Time (mins)

Compound Week 3

0.7

1-propanethiol

0.7

Dimethyl sulphide

0.8

Isovaleric acid

0.9

IsoPentyl amine

1.0

Cyclohexene

1.1

2-Pentanone

1.2

2-aminoethanethiol

1.4

Ethyl pentanoate

1.4

Hexanal

1.9

Ethyl Butanoate

2.0

Octanal

2.2

Hex-2-enol, trans-

3.1

Hexanol

3.4

Iso amyl alcohol

3.4

Styrene

3.6

Benzaldehyde

3.8

Mycrenyl acetate

4.9

Caproic acid

5.8

Hexanoic acid

6.0

Ethyl-Hexanoate

6.1

Cis 4 Heptenal

6.2

Phellandrene (alpha)

6.3

Octanal

6.4

Alpha-terpinene

6.5

Cymene (para-)

6.6

Beta-phellandrene

6.7

Limonene

6.7

Ocimene-Trans

6.9

Alpha-fenchene

7.1

Gamma-terpinene

7.3

Heptanoic acid

7.6

Para,alpha-dimethylstyrene

7.7

Terpinolene

7.8

Dihydrocarveol

7.9

4(E) ,6(E) –Alloocimene

8.7

Para-Tolylacetate
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9.3

Decanoic acid

9.3

Capric acid

9.5

Trans-2-hexenyl butanoate

10.0

Citronellol

10.4

Geraniol

10.7

Nonanoic acid

11.0

Citronellyl buyrate

11.9

Citronellyl acetate

12.0

Cinnamaldehyde <P-METHOXY)->

12.2

Geranyl acetate

12.8

Alpha-Ionone

12.9

Beta- caryophllene

13.0

N-Octanal

13.1

Cis-geranyl acetone

13.4

Beta-farnesene

13.6

Epinootkatol

13.7

Ginger

14.1

Beta-bisabolene

14.2

Oxy- ar – curcumin

14.3

Cis-gamma-bisabolene-1-ylidine, (Z)

14.7

Nerolidol I

15.1

Tetrahydrogeranyl butyrate

17.9

Dibutyl phthalate
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Table 3. Ingredient compositions for recipes in trials 1-4
Ingredients
Blueberry Strawberry
Red pepper
(g/100ml):
puree
puree
puree

Recipe:

Carrot
puree

Apple Juice
concentrate

Oats

Emulgold
fibre

HYP rol
5312
protein

HYP rol
7304
protein

Wellmune

Blueberry,
strawberry,
raspberry
and
tastesense
flavour

Water

Trial 1
R2 Oats
R2 Protein
R2 Fibre
R4 Oats
R4 Fibre
R4 Protein
R5 Oats
R5 Fibre
R5 Protein

17.0
17.0
17.0
20.0
20.0
20.0
30.0
30.0
30.0

17.0
17.0
17.0
20.0
20.0
20.0
10.0
10.0
10.0

17.0
17.0
17.0
10.0
10.0
10.0
10.0
10.0
10.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3

6.0
0.0
0.0
6.0
0.0
0.0
6.0
0.0
0.0

0.0
0.0
1.2
0.0
1.3
0.0
0.0
1.2
0.0

0.0
3.0
0.0
0.0
0.0
3.1
0.0
0.0
3.3

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

34.70
37.66
39.41
35.70
40.35
38.52
35.70
40.50
38.33

Trial 2
R7A
R7B
R7C
R8A
R8B
R8C

30.0
30.0
30.0
30.0
30.0
30.0

5.0
5.0
5.0
0.0
0.0
0.0

10.0
10.0
10.0
10.0
10.0
10.0

5.0
5.0
5.0
10.0
10.0
10.0

8.3
8.3
8.3
8.3
8.3
8.3

0.0
0.0
0.0
0.0
0.0
0.0

0.8
0.0
0.8
0.76
0.0
0.76

2.1
0.0
0.0
2.0
0.0
0.0

0.0
2.08
2.08
0.0
2.07
2.07

0.08
0.08
0.08
0.08
0.08
0.08

0.0
0.0
0.0
0.0
0.0
0.0

38.71
39.54
38.74
38.86
39.55
38.79

Trial 3
R7.1
R7.2
R7.3
R8.1
R8.2
R8.3

30.00
30.00
30.00
30.00
30.00
30.00

5.00
5.00
5.00
0.00
0.00
0.00

10.00
10.00
10.00
10.00
10.00
10.00

5.00
5.00
5.00
10.00
10.00
10.00

8.30
8.30
8.30
8.30
8.30
8.30

0.00
0.00
0.00
0.00
0.00
0.00

0.80
0.00
0.00
0.76
0.00
0.00

3.55
3.55
0.00
3.52
3.52
0.000

0.00
0.00
3.48
0.00
0.00
3.46

0.08
0.08
0.08
0.08
0.08
0.08

0.00
0.00
0.00
0.00
0.00
0.00

37.27
38.07
38.14
37.34
38.10
38.16
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R9.1
R9.2
R10.1
R10.2

34.00
34.00
34.00
34.00

7.00
7.00
0.00
0.00

12.00
12.00
12.00
12.00

5.00
5.00
12.00
12.00

7.00
7.00
7.00
7.00

0.00
0.00
0.00
0.00

0.00
0.81
0.00
0.81

2.02
2.02
1.91
1.91

0.00
0.00
0.00
0.00

0.08
0.08
0.08
0.08

0.00
0.00
0.00
0.00

32.90
32.10
33.01
32.2

Trial 4
R7A.1
R7A.2
R9.1
R10.2
R7A.1(F)

30.00
30.00
34.00
34.00
30.00

5.00
5.00
7.00
0.00
0.00

12.00
12.00
14.00
14.00
10.00

5.00
5.00
5.00
12.00
10.00

7.90
7.90
6.60
6.60
8.30

0.00
0.00
0.00
0.00
0.00

0.82
0.00
0.00
0.58
0.81

3.63
3.63
2.25
2.16
3.61

0.00
0.00
0.00
0.00
0.00

0.08
0.08
0.08
0.08
0.08

35.57
36.39
31.07
30.58
36.93

R7A.2(F)

30.00

0.00

10.00

10.00

8.30

0.00

0.00

3.61

0.00

0.08

R9.1(F)

34.00

7.00

12.00

5.00

7.00

0.00

0.00

2.23

0.00

0.08

R10.2 (F)

34.00

7.00

12.00

5.00

7.00

0.00

0.57

2.14

0.00

0.08

0.00
0.00
0.00
0.00
0.06, 0.06,
0.05, 0.1
0.06, 0.06,
0.05, 0.1
0.06, 0.06,
0.05, 0.1
0.06, 0.06,
0.05, 0.1

F: Denotes flavours added to recipes
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37.74
32.42
31.94

